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Andrews, Jas., Drawing Office, Messrs. Naval Construction and 

Armaments Co., Barrow-in-Furness (E) Nov. 1884 

Anthony, Jas., 6, Northumberland Square, North Shields (8) Oct. 1886 

Archbold, Joseph G., c/o Messrs. Blyth Dry Dock Co., Blyth ... (E) Jan. 1889 

Armstrong, G. S., 37, Warwick Street, Ueaton, Newcastle-on-Tyne (E) Nov. 1884 

Armstrong, Robert B., East Boldon, Sunderland (E) Oct. 1887 

Amison, Geo., Jun., 61, Fawcett Street, Sunderland ... ... (N A) Nov. 1884 

Ash, Mortimer W. ... ... ... ... ... ... ... (E) Feb. 1887 

Austin, S. P., Wear Dockyard, Sunderland (S) Nov. 1884 

Austin, W. R., Lloyd's Register of Shipping, Royal Exchange, 

Middlesbrough (E) Oct. 1888 

B. 

Bailey, James, 3, South Avenue, Ryton-on-Tync (E) Nov. 1884 

Baincs, Geo. Henry, Messrs. Central Marine Engineering Co., West 

Hartlepool (E) Oct. 1888 

Baird, Robert, 13, Hyl ton Terrace, North Shields (E) Jan. 1890 

Barclay, James, Lloyd's Register of Shipping, Newcastle-on-Tyne... (SUR) Nov. 1888 

« , ^ T /tx (Graduate, Feb. 1885 

i5arley, U. J. •.« ... ... ... ... ... (E) 2 

I Member, Dec. 1886 

Bamett, James Rennie, Lilybank House, Johnston, N.B (S) Oct. 1889 

Barron, T. G., Fern Villas, Elwick Road, West Hartlepool ... (E) Oct. 1888 

Bastow, W. W., 112, Scarborough Street, West Hartlepool ... (S) Dec. 1889 
Batliboi, Jehangir Framji, Bombay, British India (temporary 

address: 1. Olive Street. Sunderland) (E) Dec. 1888 

Batey, John Thomas, 26, Harrison Place, Newcastle-on-Tyne ... (S) Nov. 1885 

Baxter, J., 9, Wanvick Street, Heaton, Newcastle-on-Tyne ... (E) Nov. 1884 

Beadon, D. C, 20, Beverley Terrace, Cullercoats (E) Jan. 1885 

Beardmore, William, Messrs. Wm. Bcanlmore & Co., Parkhead 

Forge, Glasgow (I Ic S M) Oct. 1880 

Bell, James, 29, Croft Terrace, Jarrow-on-Tync (E) Feb. 1887 

Bell, William, Rosehill Terrace, Rf^schill, Wallseud-on-Tyne ... (E) Nov. 1888 

Bergstrom, Gus., Poplar Grove, Hart Road, West Hartlepool ... (N A) Mar. 1886 

Berkley, A. B., Grange Villa, Jarrow-on-Tync (E) Mar. 1887 

Berkley, William, c/o Messrs. R. & W. Hawthorn, Leslie, & Co., St. 

Peter's, Newcastle-on-Tyne (E) Oct. 1889 

Bindesboll, S. C. W., c/o Messrs. Ravi ton Dixon & Co., 

Middlesbrough (S) Nov. 1884 

Bittleston, W. H., 9, Crooms Hill, Greenwich, S.E (S) May 1885 
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Black, Jas., Portobello Foundry, Sunderland (E) Jan. 1885 

Black, J., c/o MessrR. J. Merry weather & Co., West Hartlepool ... (E) Nov. 1888 
Black, Wm., Messrs. Black, Hawthorn, & Co., Gateshead-on-Tyne (E) Jan. 1886 
Blakston, J. W., 5, Douro Terrace, Monk wearmouth, Sunderland... (S) Jan. 1886 
Blechynden, Alfred, 12, Cavendish Park, Barrow-in-Furness ... (E) Oct. 1885 
Blenkinsop, John N., 38, Ashbomham Grove, Greenwich, 8.B. ... (E) Oct. 1886 
Blumer, Wm. Riversley, Milium Terrace, Monkwcarmouth, Sun- 
derland ... ... ... ... ... ... ... ... (S) Dec. 1886 

Boddy, John, 96, Dock Street, Newport, Mon. (E) Dec. 1888 

Bodin, Lauritz M., 27, Argyle Square, Sunderland (E) Dec. 1889 

Bond, C. P. W., 27, Leadenhall Street, London, E.C (E) Nov. 1888 

Bone, W. J., 61, Linskill Terrace, North Shields (S) Dec. 1884 

Bonneyman, James Smith, 13, Ryder Street, Canton, Cardiff ... (E) Nov. 1889 

Boolds, Jas. H., c/o Messrs. Raylton Dixon &. Co., Middlesborough (S) Oct. 1886 

Booth, Arthur Spence, 77, Thornton Street, West Hartlepool ... (E) Oct. 1889 
Borowski, G., (Government Dock Yard, Cherson's Depart., 

Nicolajew, Russia (E) Oct. 1885 

Boyd, Wm., North House, Long Benton, Newcastle-on-Tyne ... (E) Nov. 1884 

^ (Graduate, Nov. 1886 
Bramwell, Balfour, 2, Beverley Terrace, CuUercoats (E) "5., , .. ,-„^ 

vMember, Nov. 1887 

Brankston, R. T. ... ... ... ... ... ... ... ... (E) Nov. 1884 

Brock, John, 20, Azalea Terrace South, Sunderland (E) Nov. 1885 

Brown, George, Messrs. C. S. Swan, Hunter & Co., Wallsend ... (S) Dec. 1889 

Brown, Eugene, 10, Boldon Terrace, Jesmond, Newcastle-on-Tyne (E) Feb. 1886 

Brown, Robson, Belle Vue Terrace, Tyne Dock (E) Nov. 1889 

{Graduate, May 1885 
Member, Oct. 1886 
Brown, William, H.M.S. Barham, Royal Dockyard, Portsmouth ... (E) April 1887 
Brown, B. D., c/o Tees Conservancy Commissioners, Middlesborough (E) Nov. 1888 
Browne, Sir B. C, Westacres, Benwell, near Newcastle-on-Tyne (C E) Jan. 1885 

Buchanan, A., Michaclson Villa, Barrow-in-Furness (S) Nov. 1884 

Buchanan, John H., Lloyd's Register of Shipping, Royal Bzchange, 

Middlesborough (SUR) Oct. 1888 

Buchanan, Charles, Lloyd's Register of Shipping, 3, St. Nicholas' 

Buildings, Newcastle-on-Tyne (SUR) April 1889 

Buckland, H. B., Hamburg Chambers, Quayside, Newcastle-on-Tyne (E) Nov. 1885 
Buhner, John, 1, Graingerville North, Newcastle-on-Tyne ... (E) Mar. 1886 

Burdon. J. G., 20, Archbold Terrace, Newcastle-on-Tyne (E) Nov. 1884 

Burns, J., 3, Kaisor Terrace, West Hartlepool Nov. 1884 

Butterfield, George, 30, John Candlish Road, Millfield, Sunderland Nov. 1884 

C. 

Cama, Nnsscrwanji Bomanji, 17, Girgaum Back Road, Bombay, 

British India (E) Dec. 1888 

Campbell, James J., c/o Messrs. J. & E. Hall & Co., Dartford, Kent (E) Oct. 1888 

Cannell, Frank, Messrs. H. Parry & Son, Lisbon (E Ic S) Nov. 1887 

L>arr, J. w. ... ... ... ... ... ... ... ... C^) f eb. 1885 
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Carrick, H., Holly House, Oateshead-on-Tyne (E) Nov. 1884 

Oantonfl, Samael, 26, 2 SeL Herlief Trollagode, Copenhagen ... (S) Dec. 1887 

Carter, O. J., Blswick Shipyard, Newcastle-on-Tyne (8) Dec. 1886 

Carter, Thos., 49, North Bridge Street, Monkwearmonth, Sunderland (E) Nov. 1884 
Casebonrne, Charles Baston, Greatham Uoose, Oreatham, near 

West Hartlepool (E) Dec. 1889 

Cay, Arthur, Westoe, South Shields (E) Nov. 1884 

Ceuvel, John L., Kadyk, Amsterdam (E) Mar. 1886 

Chapman, Abel, Capt., Belle Vue, Low Fell, Oateshead-on-Tjme... (E) Nov. 1884 

Chapman, Alfred C, 2, St. Nicholas' Buildings, Newcastle-on-Tyne (E) Oct. 1888 

Chapman, Hedley, 147, Park Road, Newcastle-on-Tyne (E) Feb. 1886 

Charlton, Henry. 1, Millfield Terrace, Gateshead-on-Tyne (E) Nov. 1884 

Charlton, R. B., Jim., Manors Railway Station Works, Newcastle- 

on-Tyne ... ... ... ... (E) Nov. 1884 

Charlton, T., 25, Lincoln Street, Gateshead-on-Tyne (E) Nov. 1884 

Christie, C. A., 4, Woodside, Tynemouth (E) Nov. 1884 

Christie, C. J. D., Neptune Works, Walker-on-Tyne (S) Nov. 1884 

Christie, J. D., 4, Colbeck Terrace, Tynemouth (S) Nov. 1884 

Churchill, James Dixon, 23, Leadenhall Street, London, B.C. ... (E) Oct. 1889 

Clark, Geo., Southwick Bngine Works, Sunderland (E) Nov. 1884 

Clark, George, Jun., Southwick Bngine Works, Sunderland ... (E) Feb. 1888 

Clark, Henry, Southwick Bngine Works, Sunderland (E) Oct. 1887 

Clarke, Thos., 82, Rye Hill, Newcastle-on-Tyne (E) Nov. 1884 

Cochrane, James, 12, Broomhill Avenue, Partick, Glasgow ... (E) Nov. 1888 

Connell, Charles, 8, Balsbagran Terrace, Partick, Glasgow ... (S) Nov. 1888 
Conning, Alf red C.,Dun8tonljou& Steel Works, Gateshead-on-Tyne ( F M) May 1886 

Conr^i, Carl, 2, Annfield, Leith (E) Nov. 1884 

Cooper, Nusserwanji Naoroji, Tuths Agari, Chawpati, Malabar 

Hill, Bombay, India (E) Oct. 1889 

Cooper, William, Baltic Chambers, Quayside, Newcastle-ou-Tyne (E) Feb. 1888 
Coote, Arthur, Messrs. R. & W. Hawthorn, Leslie, & Co., Hebbum- 

on-Tync ... ... ... ... ... ... ... ... (S) Nov. 1884 

Comforth, J., Messrs. Gladstone Sc Comforth, Church Street, West 

Hartlepool ... ... ... ... ... ... .•• ... (ci) Oct. 1888 

Cornish, H. P., Lloyd's Register of Shipping, 2, White Lion Court, 

Comhill, London, or 2, Lawn Road, Hamstead, London, N.W. (E) Oct. 1888 
Courtier- Dutton, W. T., Lloyd's Register of Shipping, 3, St. 

Nicholas' Buildings, Newcastle-on-Tyne (S) April 1890 

Cowan, M., 22, Clarendon Terrace, South Shields (S) Mar. 1889 

Cowens, William Edward, c/o Messrs. John Abbot & (Jo., Gateshead- 
on-Tyne ... ... ... ... ... ... ... ... (E) Dec. 1889 

Craggs, Ernest H., Messrs. R. Craggs & Sons, Middlesborough ... (S) Oct. 1888 
CrawfordjJas., 9, Custom House Court, Quayside, Newcastle-on-Tyne (SUR) Nov. 1886 

Crawford, John P., 1, St. Vincent Street, Sunderland (E) May 1889 

Crawford, W. A. F., c/o Messrs. Rayne & Crawford, 31, Close, 

Newcastle-on-Tyne (E) Nov. 1884 

Cross, Wm., 4, Fenbam Terrace, Newcastle-on-Tyne (E) Mar. 1886 
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Craddas, W. D., Messrs. Sir W. O. Armstrons:, Mitchell, & Co., 

Elswick, Nowcastle-on-Tyne (E) Dec. 1884 

Cummins, W. R., 40, Perth Road, Dundee (E) Nov. 1884 

Curwen, Henry R., c/o Messrs. Palmer*s Iron and Ship- /-Graduate, Feb^ 1886 
building Co., Jarrow-on-Tyne (S) (.Member, Oct. 1887 

D. 

Dalrymple, Wm., 8, Aberdere Terrace, South Shields (E) Dec. 1886 

Darling, W. J., Lloyd's Register of Shipping, Leith (S) April 1887 

Damey, John, c/o Messrs. Short Bros., Pallion, Sunderland ... (S) Nov. 1884 

Davie. Albert, c/o Messrs. W. Denny & Bros., Leven Ship- | Graduate, Feb. 1886 

yard, Dumbarton, N.B (E) ^Member, Oct. 1887 

Davison, A. J., Rosedale, Wallwood Road, Leytonstone, Bssex ... (E) Oct. 1888 

Dawe, Charles, H.M.S. "Katomba," Royal Navy (E) Mar. 1890 

Dempsy, S. ... ... ... ... ... ... ... ... (S) Nov. 1884 

Dick, Francis, 6, Gladstone Street, Sunderland (E) Nov. 1885 

^. , . ^ „, X. , », .. ^ , , /-v /Graduate, May 1885 

Dickinson, F. T., Park House, Sunderland (E) i„ , ^ ,««^ 

^ ^ I Member. Oct. 1886 

Dickinson, James, Park House, Sunderland (E) Nov. 1884 

Dickinson, John, Park House, Sunderland (E) Nov. 1884 

Dickinson, W., Park House, Sunderland (E) Nov. 1884 

Dickinson, R. E., c/o Messrs. Palmer's Iron & Shipbuilding Co., 

Jarrow-on-Tyne (E) April 1889 

Dixon-Brown, L. D., Unthank Hall, Haltwhistle (S) Nov. 1886 

Dixon, Sir Raylton, Cleveland Shipyard, Middlesborough ... (S) Feb. 1888 

Dobson, William, Shipbuilder, Walker-on-Tyne (S) Nov. 1888 

Donald, James, 48, St. Luke's Terrace, Pallion, Sunderland ... (S) Nov. 1884 

Donovan, J. W., 4, Elizabeth Street, Newcastle Road, Sunderland (E) April 1885 

Douglas, John F., c/o Messrs. Ramage k Ferguson, Leith (E) Jan. 1888 

Dowsen, Chas., 8, Croft Terrace, Jarrow-on-Tyne (E) Dec. 1885 

Doxford, Charles D., Bainbridge Holme, Tunstall Road, Sunderland (S) Nov. 1884 

Doxford, R. P., Pallion Engine Works, Sunderland (E) Nov. 1884 

Doxford, W. T., Pallion Shipyard, Sunderland (S) Nov. 1884 

Drakenl)erg, J. A., 73, Mybrogatan, Stockholm, Sweden (E) Feb. 1886 

Duckitt, Jno., 4, St. Nicholas' Buildings West, Newcastle-on-Tyne (E) Nov. 1884 

Dudgeon, F. S., 112, Fenchurch Street, London, E.C (E) Feb. 1885 

Dunlop, William, 31, Hartington Street, Barrow-in-Furness ... (E) Mar. 1888 

Dykes, James, 78, Dilston Road, Newcastle-on-Tyne (E) May 1885 

Dykes, John, Lloyd's Register of Shipping, Barrow-in-Furness ...(SUR) Oct. 1889 

E. 

Eckmann, John, Sunderland Engine Works, South Docks, Sunderland (E) May 1885 
Edmiston, Jas. B., Ivy Cottage, Highfield Road, Walton, Liverpool (E) Nov. 1886 

Edwards, James Henry, Byethom, Corbridge (S) Nov. 1889 

Eeles, Robert, Messrs. Eeles & Dryden, 4, Quayside, Newcastle-on-Tyne (E) Apr. 1889 

Elliott, Consitt, Bedford Villa, Burnt Mill, Essex (E) May 1886 

Bltringham, J., c/o Messrs. J. T. Eltringham & Co., South Shields (E) May 1889 
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Eltringham. Joseph T., Stone Quay, South Shields (S lb B B) Oct. 1889 

Engclbach, Herbert R., c/o Messrs. Sir W. G. Armstrong^ Mitchell, & 

Co., Blswick Works, Newcastle-on-Tyne (E) Nov. 1884 

English, B. Harold, Messrs. Westgarth, English, & Co., Middlesbio* (E) Feb. 1889 

Errlngton, Joseph R., 51, Dock Street East, Sunderland (E) Jan. 1888 

Eshelby, William, 1, Lax Terrace, StocktonK)n-Tees (E) Feb. 1888 

Evans, William, 2, Salisbury Street, Sunderland (E) Nov. 1889 

Evers, G., Lubeck, Germany (S) 2^ov. 1884 

F. 

I^airman, A. B., Helensburgh, Scotland (N A) Oct. 1886 

Farina, A. J., Oakwood House, Westmorland Road, Newcastle-on-'Iyne (E) Nov. 1884 
Faruffini, Capt. M. C, c/o Connitato Pei Designa delle Navi 

Ministero dilla Marina, Rome, Italy (N A) Dec. 1888 

Feldtmann, H., Bergen, Norway (E) Jan. 1889 

Findlay, John Taylor, 11, Nelson Street, Sunderland (S) Feb. 1890 

Firth, H. Branson, Thrift House, Ecclesall, Sheffield (S M) Oct. 1888 

Fleming, Charles Edward, 71, Blswick Road, Newcastle-on-Tyne .. (E) Nov. 1884 
Fletcher, James, 6, Radnor Terrace, Dumbarton Road, Glasgow ... (E) Dec. 1886 

Fletcher, Robert, Walker Forge, Walker-on-Tyne (F M) Dec. 1886 

Flohr, Justus, 32, Birkencellies, Stettin, Germany (E) Oct. 1886 

Foley, Nelson, Villa Beatrice, Parco Griffeo, Naples, Italy ... (E) Nov. 1884 

Forster, C, 6, Ellison Place, Newcastle-on-Tyne (S) Nov. 1888 

Forster, William, c/o Messrs. Dixon & Robson & Co., 25, Mosley 

Street, Newcastle-on-Tyne (E) Mar. 1890 

Foster, Henry, Newburn Steel Works, Newbum-on- Tync (E) April 1885 

Fothergill, J. R., 1, Bathgate Terrace, West Hartlepool (E) Mar. 1886 

Fowncs, Henry, Tyne Forge, Ousebum, Newcastle-on-Tyne ... (F M) Nov. 1884 
FVanki, J. P., c/o Messrs. Morts Dry Dock & Engineering Co., 

Sydney, N.S.W., Australia (E) Jan. 1886 

Fumeaux, J. B., Victoria Engine Works, Gateshead-on-Tyne ... (E) Nov. 1885 
FurncBs, John, c/o Messrs. Stephens & Mawson, Bank Chambers, 

Quayside, Newcastle-on-Tyne (E) Nov. 1886 

Fursc, Fred., c/o Messrs. R. & W. Hawthorn. Ijcslie, k Co., Shipyard, 

Hebburn-on-Tyne (E) April 1887 

G. 

Gannaway, fl. G., 23, Bede Bum Road, Jarrow-on-Tyne (S) Nov. 1884 

,, , « ^ , , r,!.,. « . . , -V fGraduate, Nov. 1884 

Garratt, H. A., 3, Haghenden, Clifton, Bristol ... (Eli,, , ^^ 

^ ^.Member, Nov. 1886 

Garthwaite, John R., c/o Messrs. R. Ropner k Sons, Stockton-on-Tees (S) May 1889 

{Graduate, Mar. 1886 
Member, Oct. 1888 

Geddes, Christopher, c/o Messrs. Leeds Forge Co., Leeds (E) Oct. 1888 

Gibson, H., 6, Dundas Street, Monkwearmouth, Sunderland ... (S) Nov. 1884 
Gibson, W. H., 37, Tatham Street, Sunderland (E) Nov. 1884 



BLBCTRP. 

Gladstone, Arthur, Messrs. Gladstone k Co., West Hartlepool 

Boiling Mills, West Hartlepool (I lb S M) Oct. 1888 

Glencrofis, Thos., 11, ByehiU, Newcastle-on-Tyne (E) Feb. 1885 

GloTer, Terrot, 6, Azalea Terrace, Sunderland (E) Mar. 1886 

Goddard, George Arthur, 100, Park Crescent, North Shields ... (D) Feb. 1890 
Gordon, William Jame8,^/o Messrs. Naval Construction k Arma- 
ments Co., Barrow-in-Furness (E) Oct. 1887 

Graham, Edwin, Messrs. Osboume, Graham, & Co., Hylton, Sunderland (S) Nov. 1884 

Graham, Joseph, 13, Whitehall Terrace, Sunderland Nov. 1884 

Graham, T. S., 19, Sea View Terrace, E. Hartlepool (E) Nov. 1888 

Graham, Wm., Ford Lodge, South Hylton, nr. Sunderland ... (S) Nov. 1884 
Gravell, John, Custom House Court, Quay, Newcastle-on-Tyne ...(SUR) Nov. 1884 
Gray, A., c/o Messrs. B. Stephenson k Co., South Street, Ncwcastle- 

on-Tyne (E) Nov. 1888 

Oray, George^ 13, Harold Street, Sunderland (E) Feb. 1888 

Oray, Harry, 12, Grosvenor Boad, Jesmond, Newcastle-on-Tyne ... (E) Dec. J 886 

Oray, Matthew, Messrs. W. Gray & Co., West Hartlepool (S) Oct. 1888 

C(ray, Sir William, Messrs. W. Gray & Co., West Hartlepool (S $t E) Oct. 1888 
<}ieen, W. G., c/o Messrs. Palmer's Iron and Shipbuilding Co., 

Janow-on-Tyne ... ... ... ... ... ... ... (E) Nov. 1884 

Green, William, c/o Messrs. Naval Construction and Armaments 

Co., Barrow-in-Furness (E) Oct. 1885 

Grieves, Bobert, 88, Linskill Terrace, North Shields (S) \ ^™^°**®' ^^^- *^^* 

I Member, Dec. 1886 

Grimes, Thomas Benjamin, 80, Broughton Boad, South Shields ... (E) Mar. 1890 

Gnlston, A., Clayton Park Lodge, Jesmond, Newcastle-on-Tyne ... (E) Dec. 1888 

H. 

Hake, G. A., 29, Bothbury Terrace, Heaton, Newcastlc-on-Tyne ...(SUR) Oct. 1888 

Hall-Brown, E., 15, Moor Terrace, Hartlepool (E) Nov. 1888 

Hall, Edward, Astellos del Navion, Bilbao, Spain (S) Nov. 1885 

Hall, J. Percy, Carville, Laurie Park Boad, Sydenham, London, S.C. (E) Oct. 1886 

Hall, John W., Abden Shipyard, Kinghom, N.B (S) Oct. 1887 

Hamilton, John, 81, Charlotte Street, Carlisle (E) Nov. 1886 

Hamilton, J. H., Engine Works, Sandiacre, near Nottingham ... (E) Nov. 1888 
Hanlilton, B. B., c/o Messrs. Maudslay, Sons, k Field, Lambeth, 

London ... ... ... ... ... ... ... ... (E) Nov. 1884 

Hansen, F. T., Moss Jemstoberi og Mek Voerksted, near 

Christiania, Norway (E) Nov. 1884 

Harding, J. C, 9, Alderson Street, West Hartlepool (E) Nov. 1884 

Hardwick, T. Norman, 17, Nixon Street, Newcastle-on-Tyne ... (E) Dec. 1888 
Hardy, Arthur Francis, c/o Bev. A. Curtis, The Vicarage, White 

Motley, Essex (S) Oct. 1887 

HarknesB, Bichard, 9, Meldon Terrace, Heaton, Newcastle-on-Tyne (S) Nov. 1884 

Harlow, F., 15, Clayton Park Square, Newcastle-on-Tyne (E) Nov. 1884 

Harman, Bruce, 12, Annfield Terrace West, Partick, Glasgow ... (E) Oct. 1886 

Harper, J. H., 1, Beaumont Street, North Shields (E) Jan. 1885 
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^ 


Harrw.iTi, Alfr<«l, 13, Nelson Street, Himderlaml 


(E) Oct. 


1ISS9 ^H 


Harrow, AlrataDdcr, IB, Lnwton Street, NcwcuHtle-on-Tyno 


tE) Nov. 


1884 ^H 


Harrow. P., U, Howell Street, Hartlepool 


(E) Nor. 


IS88 ^1 


Hnrtncsfl, J., East Botdon, near Sunderland 


(E) Not. 


I8St ^H 




(E) Feb. 


^H 


Haawell.Rnlcrt. 11, Dnion Street. Hnttlepool 


(S) Dec 1688 ^| 


HoveIock,Michacl,Commercial Chambers, Bide, Kewcftatle-on-Ty fie 


(E) Dec. 


188T 


Head, ATchihald P., CoBtlmm. Itslcsr, Yorksbiro ... (E) |^™''"'''*' J^"^ 

iMBrabcr, Oct. 


1884 


1887 




(1 M) Oct. 


lass 


neadlam, Hobert, S, E.iwnrd Street, Stockton-on-Teea 


(E) Nov 


isee 










(S) Nov 


188S 


Heljcr. A. J., OerroaTiia Werft, Qaarden bci Kiel, aermany 


(S) Oct. 


18S7 




(E) Nov 


1S84 


HenderBOQ, Robert, c/o Messrs. 0. S. Sw»n & Hunter, Wallscnd. 






on-Tyne 


(S) Nov 


18S4 


Hepple, WUIiam, Slipway, North Shields (E » S) Ott. 


ISSS 


Hildrey. A. J 


(S) Nov 


ISS4 


Hill, Maxweil, c/o Moans. Talmer's Iron and ahipbiiilding Co., 






Jarrow-on-Tyne 


(S) Nov 


1884 




(S) Nov. 


1HS7 


HUJB, Charles Henry, AngleBcj Copper Works, Walker^u-Tyne ... 


(E) Nov 


18gy 




CE) Nov 


18,S4 


Hinea. Willwin. H.M.S. " Kwmkalta." Royal Navj 


(E) Mar 


181)0 


Hiret. Richard, i, ClenJand Road, North Shields 


(E) Nov 


1SS5 


Hogg, James, Upper Couch Lane, North Shields 


(BF) Nov 


18S9 


HOk.Wilhdm, Deptfard Shipyard. Bunderhiiid 


(S) Oct. 


1886 


Hole, John W^ H.M.S. ■' Whitins," Royal Navy 


(E) Mar 


1890 


Holmes. John H., Port-land Road, Newcastle- on .Tyne 


(E) JflH. 


IfgS 


Hnmji, A. C. N., 13, Trinity Street, DUobio, Talao, India 


(E) Nov 


1884 




(E) Nov. 


IS«.i 


Hnntcr, Guorge B., Messrs. 0. B. 8tt-an, Hunter, k l^o., Walbend- 






on.Tyn« 


(S) Nov 


1881 


Hnnter, J. W., 9, Alice Street, Sunderland 


(E5 May 


188.-. 


Hunter, Summcro, c/o Messrs. N.B. Marine Enginwring Co., 








CE) Nov 


1886 


Hutchinson, C. W., (!, Park Psr.i.le, Westmorland Road, New- 






easlie-on-Ty.io 


CE) Nov 


1884 




(E) Mar 


1887 


I. 
Inglis. John, c/n MeBBTB. Hawthorn & Co., I*ith 


(S) April ISS7 H 




(E) Oct. 


188G H 


Irwin, J. a, Sunderland Engine Works, Sooth Unck% Sunderland 


(E) Nov 


1884 ^M 


Irwin, Thomas F., 2. Tower Chambers, Old Cburehjard, Liver- 




^M 


V"'^ (.CEftNA)Msr 


1888 ^M 


^^^^K 


i 
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Jackson, Vincent, 19, Regent Street, Hartlepool (6) April 1888 

Jackson, A., Surveyor's Office. Board of Trade, North Shields ... (E) Nov. 1838 
Jame9, M. C, c/o Messrs. Robert Stephenson k Co., Ld., Engineers 

and Shipbuilders, Hebbum-on-Tyne (S) Nov. 1884 

Jamieson, John, 25, Azalea Terrace South, Sunderland (E) Nov. 1883 

Jobling, J. C, Blackwall Ironworks, Isle of Dogs, London, E. ... (E) Nov. 1884 

Jobling, W. J., Queen Street, Newcastle-on-Tyne (E lb S O) Nov. 1884 

John, Edmund, Barry Dock, Cardiff (E) Dec. 1880 

Johnson, Johan, Ashmorc Street, Sunderland (S) May 1885 

Johnson, T. Allan, 15, Stannington Avenue, Heaton, Kewcastle- 

on-Tyne (6) Nov. 188 

Johnstone, William, Lloyd's Register of Shipping, 2, White Lion 

Court, Comhill, London, E.C (SUR) Nov. 1884 

Joicey, Jacob G., Forth Banks West Factory, Newcastle-on-Tyne (E) Jan. 1889 
Jones, Frederick Robert, Sirmoor State, Nahan, Punjaub, India... (E) Oct, 1889 
Jones, George, c/o Messrs. W. Gray U, Co., West Hartlepool ... (S) Oct. 1888 
Jones, Morlais G., 1, Fern Bank, Chester Road, Old Trafford, 

Manchester (E) Nov. 1887 

Jorgcnson, F., Inspector to Austrian Lloyd's, Constantinople ...(SUR) Nov. 1888 

K. 

( Graduate, May 188") 
Keene, H. R (^^ j Member, April 1887 

Kellner, T., c/o K.K. Schiflfbirn Jugiuicur Pola, Austria (N A) Oct. 1887 

Key, Alexander, 36a, City Buildings, Old Hall Street, Liverpool (SUR) Nov. 1884 
Kcydell, Amandus Edmund, Lloyd's Register of Shipping, Dundee (S) April 1890 
Kilvington, W., Northumberland Engine Works, Wallsend-on-Tyne (E) Nov, 1884 
King, Donald, Engineering Department, Messrs. Martinez, Rivas, 

and Palmer, Bilbao, Spain (E) Jan. 1800 

Rirkaldy, John, 40, West India Dock Road, London (E) Nov. 1885 

Kirkaldy, William, c/o Messrs. Wigham Richardson & Ca, Nep- 
tune Works, Walker-on-Tyne (E) Dec. 1889 



Laidley, R. W., 10, Hunter Street, Sydney, New South Wales ... (E) April 1887 

Laing, Arthur, Deptford Shipyard, Sunderland (S) Nov. 1884 

lAing, Jas., Jun., Deptford Yard, Sunderland (S) Nov. 1884 

Laing, John, c/o Messrs. H. & W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov. li<84 

Larkin, James, 2, William Black Street, East Jarrow-on-Tyno ... (E) Nov. 1884 

Leckic, Andrew, Cambridge Terrace, West Hartlepool (SUR) Oct. 1888 

Leddicoat, Frederick, 5, Cromwell Terrace, Gateshead-on-Tyno ... (E) Oct. 1885 
Lewis, Henry W., Llwynynhcss, Abercanaid, near Merthyr, 

Glamorganshire, Wales (E) Nov. 1885 

Lewis, R. A., Newbum Steel Works, Newburn-on-Tyne (E) Nov. 1884 

Liddell, A. R., 10, Buckt Strasse, Vegusack, Germany (S) Nov. 1884 



XSVIII 

IMiM, 3^ do Homo. Deauj k Co., Eugiae Works, Dombftrtou. 
Lindfura, H., P.O. Box,lo8, Nurwark Comm., U.S. America 
Lindfora, Hu^, 16, AlexandcragBtaa, UeUiogfora, Fmdl&nd 
I/[ttlcl>U7, Chos. Wm., 13, ShatCeBbur; Btrcct, Slock ton -on-Tcea 
LirUig««n, Tli'ji., Dunedin House, Jairow-on-Tyne 
liivingntoiie, John, S, Simoiuide Terrace, Bcatoa, Newcaslk- 
Lcihmeyvt, H., 43, Crown Street, Nawcastle-on-Tyne 
I^jng, A. K„ 124, Albert Road, Jarrow-on-Tjae 



CE) Nor. 1884 

(S) Oct. 1B8S 

(S) Maj 1889 

(S) Oct 188T 

... (S) Not. 1884 

■Tyne (E) Nov, 1884 

... (E) Nov. 1884 

... (S) Nov. 1884 



(E)I 

CS)P 
CE) I 
(S)t 
CS)K 



Mftcnrtli/, Hurry, ABbficld Hooae, Newcastle-on-Tyne 
Msccoy, John, 65, Larkspur Terrace. Nowcastle-oa-Tjne ... 

Uiux, W., 253, Albert Road, Jarrow-on-Tyne 

MacQrCKor, Jolin, 2, MiohaelstoQ Villas, Barrow-in-Fumosa 
MacUftffic, Joliu, 110, Union Btreet, Scbcnectudy. New York, D.B. 

AiDETica 

Hncoll, D. C, a, Conoaught Terrace, Jarrow.on-Tjne 
Manuel, O. W., Elldon, Ravenabourne Park, Catford, London 
Marlborough, Bichard, 11, Brooklaml Itoad. Snnderlaud ... 

Uarr. James, fl. Ash Place, Sumlerland 

Marehall, F. C. Messrs. R, k W. Hawthorn, Leslie, k Co,, St. Feteir's, 

NewcaBtlc-on-Tyne (E) N 

{Gradoate, Ji 

Mnr«liall, II. J., 3a, Mariners' Cottages, South Shields (E) I 

Martens, D., 62, Kent Street, Jarrow-on-Tyno (E) J 

Mantat^lio, W, D., 11. Tenth Avenue, Heatou, Newcastle-on-Tyne (E) N 

Hathcr, Charles, 6, EcnUwortb Boad, Ncneaatle-on-Tyne (SUR) 

Hatheson, William, c.'o iSeun. B. & W. Hawthorn, Leslie, & Co., 

Hobburn-on-Tyne (S) D 

Matthews, A., The Baths, Blyth (E) N 

Matthews, Jab., c/o Messrs. B. k W. Hawthorn, Leslie, Jc Co,, Forth 

Uauks, Newcastle-on-Tyne 

Haugbao, Wm., Ifi, Addison Boad, Heaton, Newcostlc-on-Tyac. 

Mayor, AUi'od E., 4, Klmbank Crescent, Glasgow, N.B 

UuDongail, Neil, Mannging Director British Steam Users' In»nr- 

anco Society, Ld., 4*5, Victoria Bnildbgs, Manchester 
UcQlashaii, Arch.. 2f>, Milt'in Street, West Hartlcpuu! ... 
Mellvonna, J. 0„ c/o Messrs, The Tyne I'onloon and Dry Docks 

Co., WnllBCnd-OQ-Tyno 

Hclntyre, John, 3, Abbolstord Terrace, Hewca»tlo-on-Tyne ... (i 
UcEa}'. Jnu., e/o Messrs. B. Il W. Hawthorn, Leslie, &. Co., Bt. 

Peter's, Newcastle-on-T?ne 

Uenxies, Wm., The Bide. Nowcastlc-on-Tyno 
Messenger, Thomas, 2, Clarence Lawn, Dover, Ecnt 
Mutealf, J. C, 4, Aialoa Terrace North, Sunderland 
Metcalfe, C. 8., 6, Tunstall Terrace West, Sunderland 



-. 1884 
'. 18S4 



'. IBS4 
. 1886 



;. 1887 
r. 1887 



CE) C 

(E) 1 

■ (EE) F 

CE) H 
CS)H 



... (E) t 
-.- CE) I 
(SUR) X 
... (E) > 



XXIX 

Hicfadi, Piotro, Jan., e, Via Assarotti, Qeaoe. (E H N A} Oct. I8S8 

Hiddlemius, Thomas, 3, Albert Place, Nurton Boui, 8tockton-<iQ- 

Tee» (S) Oct. 1889 

Hnbiini,Chriat<ipherJ.,S7,Mi)rley Street, Heaton,Kewca»t!o-ou.Tyne(E) Fell. 1888 
Uillu, Tboa., c/o Hossrs. Sir W. Q. ArmBtrong, Mitchell, k Co., 

Walker 6hipjarU, Wttlkcr-on-Tyne (S) Not. 1884 

„.,. „, „ „ .. „ „ , , » faraduftte, Nov. 188a 

HiUer, Thomas B.,6, Vorooii Terrace, Gateshead-on-TynefE)! .. ■ 

J V ' iMamber. Oct. 18B8 

Hills, John, e,'o Messrs. Qrecnock Gteaa Shipping Co., Gtceaock (E) Feb. 1S3S 

Mills, William, Bridge Crescent, Sunderland (E) Fob. 1890 

MUne, W. J., 60. Park Eow). Nawcastle-on-Tjne (S) Nov. 189* 

Milton, J. T.. Lloyd's Register of Shipping, 2, White Lion Court, 

Cornbill, London, K,C (E) Nov. 188(i 

Mitchell, Chas., Jeamond Towers, Newca»tle-on-Tyne ... ... (S) Nov. 1881 

MuOat, D., 36, Fakonar Street, Newcaatle-on-Tyne (E) Nov. 1884 

MolBtt, George, i2, Stanley Street, BIjth (E) Oct. 1888 

Moffitt, Robert, 13, Grace Terrace, Sunderland (E) Dec. 1B8G 

Moody, Thomas V„ Riding Mill, North nmberland (E) Doc. 1897 

Hoigaa, W. H., 141, Denmark Street, Henton, Nencaetlc-on-Tyne (E| Nov. 1884 

Moriaon, D. B., 8, Albion Terrace, Hartlepool (E) Feb. 1886 

MSrk, Peter, Lennox Hotel, Dumbarton, N.B (E) No». 1831 

Moiriflon, Eobt., 5, Challoncr Terrace, South Shields (E) Nov. 1886 

Mountain, William Chas., Messrs. B. Scott & Co., Close, Ncwcosttc- 

cm-Tyne (E) Feb. 1889 

MudJ, Thomas. Central Marine Engine Works, West Hartlepool (E) Mar. 1B86 

Muir. J. M., c/o Measrs. Wigham Richardson 4; Co., Walker^n-Tyne Nov, 1884 

Mnir, John. 10, Rinm Terrace, Hart Road, West Hartlepool ... (E) Oct. 1888 
Muir. Eoberl, 17, Westmorland Road, Newcastle -on-Tyne ...(SUR) Oct. 1888 

Myle«, David, 231, Elliot Street, Glasgow (E) Nov. ISSl 



N. 
Kance, A. J., c/o Mr. Nance, 14, Btacey Road, Roath, Cardiff ... (E) April li 
Napier, R. J., Lloyd's Register uC Shipping, 3, St. Nicholas' 

Buildings, Newcaatle-on-Tyne (SUR) Nov. H 

Napier.W. E., c/o Messrs. Humphrey ,Tennant,& Co., Deptfotd, London (E) Nov. It 
Nowitt, Leonard, e/o Messrs. Sir W. G. Armstrong. Mitchell, & Co., 

Btswick Works, NewcaatlH-on-Tync (E) Dec It 

Newton, Bichard, Park Square, West Hartlepool (E) April It 

{Graduate. Mav U 
Member, Oct. 1( 

Nichol, B. G., 49, Leazcs Terrace, Newcaatle-on-Tyno (E) Nov. 1* 

Nii;hol, This., GO, Ripon Streel, Monkwearmouth, Sunderland (SUR) Nov. li 

Niool, John M., 10, LlnskiU Place, North Shields (E) Nov. If 

Nicolson, Q. C, c/o Mr. Shearer, Victoria Jubilee School, lOraduate, Oct. 1( 

Byker, Newcaatle-on-Tyne (E) IMcoiUt. OcI. I* 

Hicolsoa, J. T., Engineering Department, University, Cambridge (E) Nov. It 



KXX 

SoWe, Hart?, Nnrthern Machine Tool Worka, forth Boail, New- 
castle-on-Tyue 

Norman, W. S., c/u Mossis. Tyne I'onloon and Dry DotUb Co., 
WallBcnil-oQ.Tyne 

NoUin, K, R., 32, Aiyilua Terrace. Sunderland 



0*Nei1,J. J ■■ 

Orde, E. L., Ordc House, Morpeth, Northumberland 
Oilc7, Q., Station Hoad, Huwdon-on-Tjne 



Tacey, John W., (14, Hotajmr Street. Heaton, Now cast le-on-Tyne. 
Panton, W. H., Teesiiie Iran and Engine Worba. Middlesbrough. 
I'arsons. H'in. Charles A,, Elvaston Hall, Ryton-on-Tyno ... 
Pntsons, P. B., St. Oeor^'s Wluirf, Deptford, London, 8.K. 

Patterson, Jns., The Green, Wallsend-on-Tyne 

Pattison, Jo«.. c/o J. H, Hallett. Esq., The Docks, Catdifl... 

Paulson, John, 29, Nelson street, Oreenocfc 

Pease, J. F., c/o Messrs. Darlini^on Furga Co., Dftrliogtou... 

Penny, A. W., C9, Percy Road, Wliitley 

Penney. S. B., l.'i, Azalea Terrace South, Sunderland 
Pepper, W., The Qtotob, Tarm Eoad, Stockton-on-Tees ... 
Petersen, John L., 18, Bellerby Terrace, West Hartlepool ... 

Potree, Jami^, c'o Messrs. Laird Bros., Birkenhead 

Phillips, John, i. Corona Road, Burnt Ash BUI, London 
Phillips, Walter, 108. Kcnchureh Street, London, B.C. 

PhitlipsoQ, Roland, Tyncmouth 

PhoRoii. P., BO, Koker Avenue, Sunderland 

Piaud, Leon, Bureau Veritas, 8, Place de la Bourse, Paris 

Pike, James J 

Pilohcr, F. J., 3, City Buildings, Old Hall Street, Liverpoyl 
Pilling, J., II, Roaslyn Terrace, Chester Road. Sunderland 

Plotnicki, E. C, IB, Frank Place, North Shields 

Poll, Rodolfo, Chioggia, Italy 

Potts, Robert, II, Mount Pleasant, DepUord, Suaderltuid 

Prest, Stanley ITaber, 2, Suffolk Lane, Cauaun Street, London ... 
Price, John, 6, Osborne VilUu, Jesraood. Newcastle-ou-Tyne 

Prince, Alfred, Kent Villa, Jarrow-on-Tyne 

Proud, Anthony, Tyne Docks, Suulh Shields 

Pryor, Benjamin, Bxperimental Tank, Royal Arsenal, Spczsia, Italy 
Pordy, A. J., Drawing Office, Navy Yard, Washington, D.O., U.S. o( 



(E) Nov. 1834 
(S) Nov. 1884 



(6) Nov. 1884 

(E) Oct. 1887 

Nov. 1884 



... (S) 
... CS) 
... (E) 
... (E) 
... (S) 
... tE) 
(N A * E) 
... CE) 
... (S) 
...(NA) 
... (C) 
... CS) 

... (E) 
... (NA) 
... (S) 
(E) 
(SJ 
(E) 
CE) 



Purves, David, 10, Holland Parii Qaidens, London, W. 

Putnam, T., Darliuj^n Korge, Darlingtou 

Putoam, William, Darlington Forge. Darlington ... 



(SURt 
...(FM) 
.„(fM) 



Feb, 1888 
Nov. IS8T 
Dec. 1887 
Nov. 1888 
Nov. 1884 
Nov. 1884 
Feb. 18S6 
Dec. 1888 
Nov. 1884 
Nov. 189< 
Nov. 1888 
Got. ISSS 
Oct. 1885 
Dec. 1889 
Oct. 1886 
Dec. 1884 
Nov. 1SS4 
Nov, 1889 
Dec. 1888 
April 1887 
Nov, 1884 
Nov. 1886 
Jan. IB90 
Out, 1888 
Mftr. 1888 
Nov. 1884 
Nov. 1884 
Deo. 1888 
Nov. IS8B 



Nov. 1884 
Nov. 1884 



XXXI 

ELVCTSD. 
B. 

Ilae, John, 4, Grey Street, Glasgow, N.B (E) April 1886 

Ralston, G. C, 19, Penbam Road, Newcastle-on-Tyno (E) Oct. 1887 

Ramage, J. T., The Hawthorns, Leith, N.B. ... (E) April 1887 

Ramsay, C. W., Homsborg, Lgungby, Sweden Nov, 1884 

Rankine, Jno., 16, Kibblesdale Road, Homsey, London, N. ... (E) Nov. 1884 

Rayner, Thomas, 24, Side, Newcastle-on-Tyne (E) Oct. 1889 

Readhead, Jas., Beach View, South Shields (S) Nov. 1884 

Rea<lhead, John, Jan., 18, Thomas Street, South Shields (E) Mar. 1886 

Readhead, R., 28, Sea View Terrace, South Shields (E) Nov. 1884 

Readhead, W. B., Beach View, South Shields (S) Nov. 1886 

{Graduate, April 1885 
Member, Oct. 1887 

Reed, Joseph, 26, Side, Newcastle-on-Tyne (E) Oct. 1889 

Reed, " J. W., c/o Messrs. Palmer's Shipbuilding and Iron Co., 

Limited, Engine Works Department, Jarrow-ou-Tyne ... (E) Nov. 1884 

Rennoldson, C, Messrs. J. P. Rennoldson & Sons, South Shields ... (S) Jan. 1886 

Rennoldson, Jos. M., Messrs. J. P. Rennoldson & Sons, South Shields (S) Feb. 1886 
Reynolds, Charles H.,c/o Messrs. Sir W. G. Armstrong, Mitchell, & 

Co., Walker-on-Tyne (S) Mar. 1889 

Reynolds, Edward, c/o Messrs. Vickers, Sons, & Co., Sheffield ... (E) Jan. 1888 

Reynolds, W. G., 7, St. Thomas Square, Newcastle-on-Tyne ... (E) Oct. 1886 

Richardson, Wigham, Neptune Works, Walker-on-Tyne (S) Nov. 1884 

Richardson, Thos.,M.P.,Hartlepool Engine Works, West Hartlepool (E) Oct. 1888 

Richardson, Wm.,. Hartlepool Engine Works, West Hartlepool ... (E) Oct. 1888 

Richardson, T., Jun., Hartlepool Engine Works, Hartlepool ... (E) April 1888 

Rickaby, A. A., Bloomfield Engine Works, Sunderland (E) 

Ridley, J. H., Messrs. R. & W. Hawthorn, Leslie, k Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov. 1884 

Rimmington, R. P., 6, Cliff Terrace, Hartlepool (E) Nov. 1888 

Ritson, M., Lloyd's Register of Shipping, 2, White Lion Court, 

Comhill, London, E.C (E) Nov. 1884 

Robinson, B. A., 12, Harold Street, Sunderland (E) Nov. 1884 

Robinson, Frederick F., Adelphi Road, Epsom, Surrey (E) Dec 1888 

Robinson, William, 6, Choppington Street, Newcastle-on-fGraduate, May 1885 

Tyne (E) ^Member, Aprill888 

Robson, Arthur, Messrs. J. Blumer & Co., Sunderland (S) Dec. 1886 

Robeon, Oeoige, 9, Wellington Terrace, South Shields (E) Oct. 1889 

Robeon, John H., Engineering Department, Messrs. Martinez, 

Rivas, & Palmer, Bilbao, Spain (E) Nov. 1885 

Robeon, J, M., c/o W. Whyte, B, Lombard Street, Newcastle-on-Tyne (E) Nov. 1884 

Robeon, M., 19, Zion Terrace, Newcastle Road, Sunderland ... (S) Nov. 1884 

Roger, Robert, Stockton-on-Tees (E) Nov. 1888 

Rogers, Herbert M., 10, Hartington Crescent, Stockton-on-Tees (SUR) April 1889 

Bopner, Robert, Jun., Preston Hall, Stockton-on-Tees (S) Feb. 1886 

Rowan, Jas., 231, Elliott Street, Glasgow (E) Nov. 1886 

Bowe, John A:, 13, Hampton Road, Forest Gate, London, E. ...(SUR) Oct. 1888 



xxxii 


'H 


Rowell, a. \V., 1, Onrdcn Termce, Blnyiion-on-Tyne 


(E) Feb. I88S ^H 


Howell. H 


Not. ^M 


HuBdeii, L., 11, Miatlctoo Road, Jcsmond, Newcastle^n-Tyne ... 


(E) Nov, 1884 ^M 


Eutherford, Q., c/o Messrs. Wallsenil Slipway Co., Engine Works, 


^1 


Cardifl 


(S) Oct. 1886 


Rutherford, T. A.. 93. Rokcr Avennc, SuDilcrLincI 


(S) Nov. 1884 


Ryder, C. h., Lloyd's ReRister of Shipping. Cftr-lilT 


(E) Oct. 1886 


Rooke, t;hnrlca Bowden, Jim., St. Paul's Road. West Hartlepool ... 


(E) Kov. 188D 


S. 
Salmon, P. R.. St. Bcdo'B Park, SanderlanU (SUR) Nov. 188* ^ 




(S) Not. 18S4 




(E) Dec 1884 


Sawyers, John, c/o Mesaw. Thos. Wilson, Sons, Sc Co., Hull 


(E) Oct. 1886 


Sijhaefter, A. 0., 4, Benton Terrace, Newca»tlu-on-Tyne ... 


(E) Nov. 1884 


Scorer. G. S., U&^rs. T. * W. Smith, North Shields 


(S) Jan. 1886 


Bcotson, Alf., c/o Messrs. R. BI«phenson & Co., Shipyard, Hebbum- 




t-n-Tjie 


(.S) Feb. 1887 


Sootson, Win., 78, Staffcrd Street. Wedneabury 


(E) Not. lt^84 


Sott. Ernosl, Close Engine Works. Newciwtle-on-Tynp 


(E) Not. 1884 


Scott, George Inncs, B Indian Kinga' Court, Qoftyaide, Newcastle- 




on-Tyne 


(E) Oct. 1889 


Scott. H., 47, Mainaforth Terrace. Sunderland ... (E) (^™ 


luate, May 1886 


aber, April 1888 


8cott, Joseph R., 9. Qneen Street, Hewcastle-on-Tyno 


(E) Oct. 1887 


Scott, Wm., 108, PortUnd Ihad, Newcftstlc-on-Tyue 


Not. 1SS4 


eeabury. Edward, 40, West India R(wl, Limehouse, London, E. ... 


CE) Uar. 1886 


Boaman, C, J., 19, Wiilington Street, Stoekton-on-Teca 


(E) Jan. 1888 


Sella, C„ 20. Via Almeria, Genoa. Italy 


(E) Oct. 1887 




(E) Nov. 1884 


Sharp, A. E,, U6, Albert Terrace, Jarrow.on-Tjne 


(E) Nut. 1884 


Sharp, Mark, 144, Albert Road, Jarrow-oQ-Tyne 


(E) Dee. 1889 


Sharpe, H. R., 11, Zingari Terrace, Upton Forest Gate, London ... 


(E) Not. 1888 


Shaw, Jaa., 17, Normaiiby Terrace. (ialeshead-on-Tyne 


(E) Jan. 1885 


Sheriff. TliomM, Hesais. Robert MacklU & Co., Glasgow 


(E) April 1830 


8hevill,W. H., 6, Avenue Terrace, Sunderland 


Nov. 1884 


Short, J. T., 49, West Sunnisido, Sunderland 


(S) Nov. 1884 


Short, Jos., 49, Wust Sunniaide, SunderUiad 


(S) Nov. 1884 


Shottcn, Juhu W., 13, Meldon Terrace, Heatou, Newcastle^n-Tyne (SUR) Nor, 1886 ■ 


Sinclair, R.. co S. Sinclair, Esq., Australian Museum, Sydney, 


■ 


N.8.W 


(E) Nov. imi ■ 


Sinton, John K., T, Qrasmere Terrace, Uateshead-on-Tyne 


(E) Nov. I88S ■ 


Siason, Wm., Qlouceater (EH N A) Oct. 1888 ■ 




■ 


Western Bailwny, Nine Elms. London. S.W 


(E) Nov. 1834 ■ 


Sivcwright. U. W., 5. Radcliffc Terrace, Hartlepool 


(S) Nov. 1886 H 


1 Smith, C. Uuben, Board of Trade Offices, North Shields (SUR) May 1SS9 ^1 



xxxm 

BLSCTXD. 



Smith, C. E., 89, Scarborough Street, West Hartlepool (E) Nov. 

Smith, Charles Maylield, 6, Alderaon Street, West Hartlepool ... (S) April 

Smith, Eustace, 5, Queen Street. Newcastle-on-Tyne (S) Nov. 

Smith, B. J., Baltic Chambers, Sunderland (E) Nov. 

Smith, Reginald Thomas, 38, Belitha Villas, Bamsbury Park, 

London, N (E) April 

Smith, Thomas, Steam Crane Works, Old Foundry, Rodley, near Leeds (E) Oct. 
Smith, Thomas Edward, Messrs. John Smith & Sons, Newg:ate 

Street, Newcastle-on-Tyne (E) April 

Smith, Wm., 51, Dock Street East, Sunderland (E) Nov. 

Soliani, Nabor, Connitato Pei Designa delle Navi Ministero dilla 

Marina, Roma, Italy (S) Jan. 

Soulsby, J. C, 4, Bute Crescent, Cardiff (SUR) Nov. 

Sowter, Isaac 0., 867, East Congress Street, Detroit, Michigan, 

United States of America Jan. 

Spear, John, Messrs. T. Wilson & Sons, Hull (E) Oct. 

Spearman, Richard, 118, York Street, Jarrow-on-Tyne (E) Feb. 

Spence, James C, Messrs. Tyne Boiler Works Co., Walker-on- 

Tyne, or 23, Waverey Terrace, Newcastle-on-Tyne (E) Dec. 

Spencer, J. W., Newbum Steel Works, Newbum-on-Tyne ... (E) Feb. 

Spencer, R. E. E., Palazzo Canerara, Spezzia, Italy (E) Nov. 

Stafford, William, Dunston-on-Tyne (E) Nov. 

Stephenson, C, 6, West View, Wallsend-on-Tyne (S) Nov. 

Stevenson, Wm., c/o Messrs. Victor Coates & Co., Princess Docks, 

PC H ftOW ••• ••■ ••• ••• ••• ••• ••• ••« ( M I ^OVb 

Stewart, H., c/o Messrs. Palmer*s Iron and Shipbuilding Co., 

Jarrow-on-Tyne ... ... ... ... ... ... ... (E) Nov. 

Stirling, Andrew, Jun., 3, Qreenvale Terrace, Dumbarton (E) Feb. 

Stirzaker, J. C, 16, Grosvenor Place, Newcastle-on-Tyne (E) Nov. 

Stoddart, J. E., Lloyd's Register of Shipping, Dock Office, West 

Hartlepool ... ... ... ... ... ... ... ... (E) Oct. 

Stokoe, Thomas W., 4, Lower Archer Street, West Hartlepool ... (S) Dec. 

Stoldtz, Heinrich, c/o Messrs. Cifuentes, Stoldtz y Co., Gijon, Spain (E) Nov. 

OlOUC, VY 111. «.■ ... ... ... ... •.. ... ... J^OV. 

Strong, George Aaron. West Percy Street, North Shields (E) Dec. 

Stubbings, James, Comhill, Sunderland (E) Nov. 

Summers, James, 114, Grange Road West, Middlesbrough (E) Mar. 

Surtees, R., c/o Messrs. R. & W. Hawthorn, Leslie, & Co., St. 

Peter's, Newcastle-on-Tyne (E) Nov 

Sutton, James, 84, Westmorland Road, Newcastle-on-Tyne ... (S) Jan. 

{Graduate, Mar. 
Member, Oct. 

Swan, A. S., Grove House, Gosforth, Newcastle-on-Tyne (S) Nov. 

Swan, H. F., Beaufront Castle, Hexham (S) Nov. 

Swan, Thomas, 152, Ellison Street, Jarrow-on-Tync Nov. 

Swinburne, T. M., Bewick Road, Gateshcad-on-Tyne (E) Jan. 

TOL. VI.-18B0, ^ 



888 
888 
884 
884 

888 
888 

885 
884 

885 
886 

889 
887 
889 

888 
885 
884 
885 
884 

884 

888 
888 
884 

888 

885 
889 
884 
889 
884 
889 

884 
885 
886 
886 
888 
884 
884 
885 



Swinbnnie, M. W„ 117, Park Road, Newawtle-on-Tyne ... ... (E) Nov. 1884 

awinney, W., 10, Wentworth Torrace. Wcstoe I«iie, 8oHth Shields (E) Doc. 1888 
Bydaerfl, Thomna B., Jun (E) Oct. 1888 



Tate, Cbai. H., 7, Side, Newcastle-on-Tyne (N A) Nov. 1884 

Tfttham, Stanley, 3, Cambridge Gate, Regenl Pnrk, London, N.W. (E) Fob. 1S87 
Taylor, Alexander, Mercantile Ch^mhe^^ Quayside, Newcostle-nn- 

Tjne (E) Nov. 1884 

Taylor, C. W., Bontli Garth, Wratoo, South Shields (E) April IBSS 

Taylor, J. E., Lloyd's Hetriater of Shipping, Bute CreRcent, Cardiff.. .(SUH) Nov. 1884 

Thaw, Thomas, 8, Argyle Street, Newoaatle-on-Tyne (E) Dec. 1889 

Thompson, C. B., Mesats. J. L. Thompson & Sons, Sunderland ... (S) Nov. 18S4 

Thompson, Charles, 9, Dean Street, Newcastlc-on-Tyne (E) Feb. 1887 

Thompaon, Jos., H, Klmwood Street, Sunderland ... (E) Dee. 188B 

Thompson, John, Poat Office Chambers. Newcastle-on-Tyne ... (E) Nov. 1884 
Tliompaon, J. L., Jun., North Rands Sliipyard, Sunderland .., (S) Nov, 1884 

Thompaon. Robert, North Sands Shipyard, Sunderland (S) Nov. 1884 

Thompson, R. C„ Bridge Dockyard, Sunderland (S) Nov. 1884 

Thorn, W. H., 5, Waterville Terrace, North Shields (E) Nov, 1884 

TInwell, George, General Gordon Terrace, Sunderland (E) Jan. 1889 

Todd, Surtcoa, c/o MesBrs. R. & W, Hawthorn, LeaUe, k Co.. 

Hebbnm-on-Tyne (S) Nov. 18B4 

Todd, Thomas, 20, Billiter Street, London, K.C (E) Nov, 1886 

Tone, John M. P., 60, Clayton Park Sqnare, Newcaitle-on- (Graduate. April 18S5 

Tyne (E) tMember, Oct. 1887 

fQraduato Nov. 188« 
^Member, Oct. 1888 



Towers, Edward, Jun., 4, Latimer Street, Tyuemonth (E) 

Ttewent. F, J., 9, Northumberland Terrace, Tynemouth (S) Dec. 1884 

TrittoQ, S. B., Assistant Locomotive Superintendent, Eastern 

Bengal State Railway, Eanchrapata, Bengal, India ... (E) Nov, 1884 

Tulip, George, 48, Blenheim Street, Newcastle-on-Tyne (E) Deo. 1888, 

Turner, Henry John, c/o Messrs. B. Btephenaon k Co., South 

Street, Newcastle -on -Tyne (E) Feb. 1888 

Tamer, 8. J., 74. Tynemouth Road, Heaton, Newcaatle-on-Tyne... (E) Mar. 1887 

Tweditell, H. H.. Meopham Court, Graveseud, London (E) Jan. 1886 

Tweedy, J., Neptune Works, Walkcr-on-Tyne (E) Nov. 1884 

Twigden, George J,. 80, King's Koad, Cantun, Cardiff (E) Jan. 1890 

Tyiack, George, Dean Street, South Shields (E) April 1888 



Dllstrom, Otto, Messrs, Crompton, Dllstrom, *. Crompton 

Oraeechurch Street, Loudon, R,C 

Ulm, John, Marine Casino, Pola, Austria 



(S) Nov. 1884 
(E) Nov. 1886 



Vtanson, N. S,, vid Galeazzo Aleaii 6 into 1, Genoa, Italy ... 
Tick, B. W., Hescn. B. Withy & Co., West Hartlepool ... 



(E) Dec. 188S 
(S) Nov. 1888 



Wailta. B. F., i, St. NichoUu' Baildiags. 

Newcaslle -on -Tyne 
Wailes, T. W., Muuot Stoart Dry Docks. CudiS 



TaakoTTiUc Terrace, 

(SUR) Nov. 

(E « S) Oct. 



Walkei, Archibald, UT. Constitution Street, Leith, N.B (E) April 1S8T 

WftlUn, J.,c/o Merars, BUck, Hawthorn, Ic Co., Oatcshead-on-Tyne (E) Nov, 188* 

WaUiker, J. P., 6. Lovaine Terrace, North Shields ... (El Nov. 1886 

Wttlton,J.a., 26, Fenclinrch Street. London, E.C (E) Nov. 1S84 

Warbnrton, J., 16, Elmwood Street, Snuderfand Not. 1884 

Wardale, Henry. 5, Collingwood Terrace, OateaheBd^in-Tyae ... (E) Feb. 1888 
Warren. O. R.. Lloyd's Begiater of SMppinB. Constantinople ...(SUR) Nov. 1888 
■Watson, Ralph J.. Willington House, WilUn(rton Quay-on- (Graduate, Jan. 1886 

Tyno (E) iMcmber, Oct. 1888 

Watt, Adam, II, Salem Hill, Sunderland Nov, 1884 

Watt, Robert B.,o/o Uissn. Raylton Dixon fc Co., Hiddlesborougb (S) April 1S8S 

Watts, Philip, Klswick Shipyard, Newcastle-oa-Tyne (S) Nov, 1885 

Wangh, G. W., Monkaeaton (E) May 1885 

Weatherall, J.. c,'o Mesan. Naval Constraction 4 Armament f Graduate, Oct. 188r, 

Co., Barrow-in-Fumees (E) tMember, Oct. 1887 

Wdehton, B. L„ do Messrs. R. i W. Hawthorn, Leslie, & Co., St. 

Peter's, Newcaslle-on.Tyne ... (E) Nov. 1884 

Weir, John, Engine Department, Men«Ts, A.6tepheiii*8ons,Lint- 

hoose, Glasgow (E) Nov. IS8t 

Weir, William, c/u MessiH. Wighato Bichanteon k Co,, Walker- . 

on-Tyne (E) Nov, ISSD 

West, Heniy H., 14, Castle Street, Liverpool (E ti N A) Oct, 1886 

Westgarth, Turn, Messrs. Westgarth, English, k Co,, Middleeborough (E) Oct. 1886 

Westmacott, P. O. B., Elswieli Engine Works, Newcastle-on-Tj-no 

While, C, 13, Mosley Street, Newcastle-on-Tyne 

White, B. 8., Fairfield Works, Oovaii, Glasgow 

Whyte, Wm., B, Lombard Street, Newcastle-on-Tynu 

Wiiidas, T. D„ 6, Bt. Nicholas' Road, Aigburth Road, Liverpool 

WileB,John W., 18, Balisboiy Street, Sooth Shields.., 

Wilkie, J.,B, Croft Avenue, Sunderland ... 

Willcoi, F. W„ 4fi, Snuniside West, Sunderland 

Williams, J., 3, Aialea Terrace, Sunderland 

Williams, T. Fit«roy, S4, Linakill Terrace, Tynemouth 



Wilson. J. 1'.. Spennymon 



Be. S penny mour 



(E) 



(E) Nov. 1884 
. (E) Nov, 1884 
. (S) Nov. 1884 
. (E) Nov. 1884 
(SUR) April 1886 
... (S) Nov. 1886 
... (E) Nov. 1884 
... (E) Not. 1884 
(SUR) Nov. 1884 
... (E) Feb. 18iM) 
Graduate, AprillSSO 
Member, Feb. 1886 
... (S) Oct. 1887 
(S) Oct. 1886 



Wilson, Robert 

Wilson, WiUiora 

Winstanley, P. D., c/o MesBrs. Sir W. G. Armstrong, Mitchell, & 

Co., Elawick, Newcastle-on-Tyne (E) Nov. 1884 

Withy, H., Middleton Shipyaril, Wwt Hartlepool (S) Nov. 1884 

Worsdell, Wils-m. North- Kastcm Looomotivp Works, Oateshi^d-on- 

Tyne (E) Dec, 1888 

Wolhcrnpiwu li„ Board of Trade Offices, West Hartlcjiool.,. ... (E) Aj'ril 188!* 
Wright, R,. 25, Westmorland Road, Newmstle-on-Tyne Nov, 1881 



zzxri 




m 


T, 


■'■-•"- ■ 


Young. J. D.. IS, Western Hill, SunderUnd 


. (E) Oct. 


18B8 ^H 


Younger, R„ BlmiM House, Heaton, Newowtlc-on-Tyne ... 
Z. 

ZclU, A 


. (E) Nov 


1831 ^H 


. (E) Nov 


1861 ^M 


Keeman. J. H.. c/u Messra. The Mnoa Co.. Rotterdam 


, (S) Oct. 


IS89 ^H 


ARS0C1ATE8. 
Alldoa, WiUlara E., Akenside VillB, Newcftstle-on-Tjne ... 




1 


. (A) Dee 


ISS6 ^M 


AnnBtfong, B., H, Victoria PUoe, Hartlepool 


. (Aj Nov 


18S3 ^1 


Barklam, George, TipWn, Staffordshire 


April 1883 ^1 


Bnrwick, J. S„ Ashbrook Omngc, SanJerland 


.(SO) Sov 


1881 H 


Bell, John Henry, North Cliff. Eoker, Suniierland ... ( 


& 5 M) Oct. 


■ 


Bigge, C, W., Northern Counties Club, Newcastle 


. (A) Doc 


■889 ■ 


Bojd, Robert, Messrs. Hannay, Boyd, Si Co., Quay, Newca*tIe-on- 


■ 


Tyne 


(5 O) Nov 


1834 ■ 


Bwnfoot, W. J., Mesare. Tyzack * Brantoot, John Street 




■ 


Sunderland 


.(SO) Dec 


1887 ^H 


BriggB, B. S„ Mnorlaoda, Sunderland ... .'. 


(S 0) Dec, 


1886 m 


Branton, John. *3, Prior's Torraco.TyDonwuth 


.(SO) Ocl, 


im ■ 




. (S O) Oct. 


1888 


C. 
Carr, Ralph. Thomleight. Clayton Park Eoad, Newcastle-on-'ryneCA * S 0)Not 


1886 


Cassap, William, 33, Cawley Huad, Victoria Park, London, N.K. . 


.[SUR) Feb. 


189U 


Charlton, W. A., St. Nicholas' Building Newcastlc-on-Tyne 


. (A) Mar 


1888 


Cohan, Edward Asher, 3, Eumford Place, LiTerpooi 


(SO) Nov 


1889 


Common, Fnineis James, 5, Elms West, Sunderland ... (I 


l> S M) Oct. 


1887 


Corbitt, Michael, Hope Works, The Teams, Gatesbead-oa-Tyne . 


.(RM) Jan. 


18l)U 


Conll, .lohn. 48, Stanley Street West, North Bbields 


.(S 0) Oct. 


1886 


■ Covcpiale, R. H., Messrs. J. Covcrdale k Sons, Steamship Owners, 




West Hnrtlcpool 


.(SO) Nov 


18S8 


Crosier, Kdward James, a, Liucolu Terrace, Gateshead ... 


. cA)a.t. 


ISSU 


Crowthcr, Joseph, Dispensary Lane, Newcaslle-on-Tync ... 


. (I M) J.in. 


Itfuy 




.(SO)Nuv 


1881 


D. 


(R M) Jiih, 


IB'HJ 


Dodils, A. P., 13, Drain Street, Nowcastle-on-Tync 


(A) Jan. 


188(1 








IC, Thomhiil Terrace. Sunderland 


Oet. 


18B7 


Dodda, John B., 13, Dean Street, Nuwcasttc-un-Tyne 


Oct. 


,m 


^^ 






^^^^P 




k 



ZZXYU 

VLKCTXD. 
P. 

FnmeaB, Christopher, Victoria Teirace, West Hartlepool (S O) Oct. 1888 

Q. 

Gamett, William, Principal, The Durham College of Science, 

Newcastle-on-Tjne Jan. 1889 

Gjemre, Lauritz, Maritime Baildings, King Street, Newcastle-on- 

Tyne (S O) Mar. 1886 

Greenwell, Thos. G., Sunderland (SO) Dec. 1886 

H. 

Harland, George, 1, Westoe Crescent, South Shields (A) Dec. 1888 

Hedley, John H., 10, Esplanade West, Sunderland (S) Dec. 1886 

Heslop, Bichard O., Akenside Hill, Newcastle-on-Tjne ... (I lb S M) Oct. 1885 
Spg^t George J. H., N.B.C. Insurance Association. West Hartlepool (S O) Oct. 1888 
Hollis,H. E.,3,St. George's Terrace, Jesmond,Newca8tle-on-Tyi.e (lib S M) Feb. 1886 

Hudson, Ralph M., Jun., 8, The Cedars, Sunderland (SO) Dec. 188G 

Hunting, Charles, Jesmond Dene, Newcastle-on-Tyne (SO) April 1886 

I. 
Hey, D. W., 1, Blmwood Street, Sunderland (I lb S M) Nov. 1888 

J. 

Jenkins, William, Consett Hall, Durhamshire (I lb S M) Nov. 1887 

Jobson, W. J., c/o Messrs Robert Stephenson k Co., South Street, 

Newcastle-on-Tyne (A) May 1889 

K. 

Kerr, James, 18, Azalea Terrace South, Sunderland (A) Jan. 1888 

L. 
Loveridge, W. H., Mainsforth Tenace, West Hartlepool ... (I lb S M) Oct. 1888 

M. 

Macarthy, George E., 9, Dean Street, Newcastle-on-Tyne (SO) Oct. 1887 

Matthiessen, P. H., 12, Lombard Street, Newcastle-on-Tyne ... (A) Oct. 1888 
Maugban, William, Westmorland Road, Newcastle-on-Tyne ... (A) Feb. 1887 
Mawson, Rowland, Bank Chambers, Quay, Newcastle-on-Tyne ... (S O) Jan. 1889 
McNabb, Thos., Call's Buildings, Quayside, Newcastle-on-Tyne ... (S O) Nov. 188G 
Metcalf, Thomas, Sea View Gardens, Roker, Sunderland ... (SUR) Jan. 1888 

■ Milbum, J. D., Queen Street, Newcastle-on-Tyne (SO) Nov. 1884 

Miller, T. B., c/o Messrs. Lamplough & Co., 72, Comhill, 

London (A It S O) Nov. 1884 

Mudd, John, Sunderland (I It S M) Nov. 1884 

Mulherion, G. F., 144, Albert Boad, Jarrow-on-Tyne (A) Nov. 1884 

Muller J. C. F., 28, Vieille Route, Antwerp (SUR) Feb. 1890 





^^^ 


^^^^^^^^^^^ 


H 


Newbf, S.. MesBre. Thomson k Ncwb;, 13. Bridge Street Sunder- ^| 


land 


(1 li S M) Nov. 1884 ^M 


0. 

0'Hagitn,Jainea,8t. Na^aire-aur- Loire, France 


... ...... 1 


Oaboumc, Jas., Hylton, Sunderland 


... (S) Jan. 1B8G ^M 


P. 


(1 « S Ml Nov. 1SST H 


Patteison, John, SB, Belgmve Terrace, Newcastle-on-Tyne 


... (A) Feb. 1885 H 


Patteraon, Thos., 6, Al^le ^qnant, Sunderland 


... (S) Jon. 18SG H 


PnttiBon. W. J., Meaara. Hunting k Pattistm, Exchange BuiUingB, ^ 


Quajside, Newcastle-on-Tyne 


...(SO) April 1888 


Perry, Edwin, 23, Side, Newcastle-on-Tyne 


... (A) Nov. 1886 


Phslp, Oliver, Almora. 87, RichmoDd Road, CardifE 


..,CSUR)Feb. 1889 


Piiikney, Thomas. Creswell Villa. Sunderland 


,..(SO) Dec. 188fi 


Pinkney.T.W.. John Street, ennderland 


...(S O) Feb. 18S8 


Pirrie. Kobert Bejd, Guildhall Chamber*, Quay. NewcaaUe-o 


■TjneCS O) Dee. 1889 


B. 

Bamsay. J. W., 13, Northbroot Soad, Lee, Kent 


... (A) Feb. 1885 




... (A) Nov. 1884 


Beid. Andrew, Printer, Akeiwido Hill, Newcastle-on-Tyne 


Hoy. 1884 


Eenwick. O., Meaare. Fisher, Renwick, 4 Co., Queen 


Street, 


Newcastle-on-Tyne 


... (8 O) Nov. 1884 


Bobson, Frederick. 46. Dean Street, Newcastle-on-Tjiie .. 


Oct. 1887 


BobBon, Thoa., 28, North Bridge Street, Sunderland 


...(SO) Nov. 1884 


B. 
Sanderson, John, 9, The Elms, Sunderland 


...(SO) Dec. lESG 


8cholcfield,A., 17. Sandhill, NewcaBtle.oD.Tyne 


...(SO) Nov, 1881 


Scott, W. fi., Hessra. Scott Brtjthers, Dean St., Nen-castle-un-TynefS O) Nov. 1891 ^B 


Rmitli, George, c/o Messrs. Hawthorn, Leslie, k Co., St. 


Peter's ^M 




... (A) Feb. 18B0 ^M 




e ... (E A) Dec. 1886 ^M 


Squance, J. W.. Marine Superintendent. 13, The Avenue, Sonderhind April 1888 H 


Stephens, D„ Messrs, Stephens. Mawgon, & Co., Bank Chambera, ■ 


Quay, NewcBBlle-on-Tyne 


... (S O) Nov. 1881 ^1 


Swan, Isaac J., Grove House, Goeforth, Newcastle-on-Tjne 


...(SO) Fe)>. ISB8 'H 


T. 


...(S 0) Dec. 1886 ^M 


Tomperley, C, 9, Oracechuroii Htreet. London 


...(S 0) Nov. 1881) ^M 


TiiompBon. V. T., Baltic Chambera, Sunderland 


... (S O) Dec. 1886 ^M 


Towera, Edward, i, Latimer Street, Tj-nemooth 


... (A) Oct. I8KS ^1 


_-""' " ~ '■" "1 


^^^^^^^^^^^^^^^^^ - 


^_ 
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KLSCTBO. 

V. 
Varley, John, 257, High Pftrk Road, Leeds (Ilk S M) Mar. 1887 

W. 

Wait, James, Maritime Boildings, King Street, Xewcastle-on-Tyne (S O) Nov. 1884 
Wallace, Wm., 27, South Scarborough Street, West Hartlepool ... (A) Oct. 1888 
Ward, Joseph, c/o Messrs. WaUsend Slipway Co., Wallsend-on-Tjne (A) Nov. 1886 
Warren, Reuben Hynard, 151, Park Road, Newcastle-on-Tjne ... Mar. 1890 

Welford, Richard, Qosforth, Newcastle-on-Tyne (S O) April 1888 

Woods, James Jabez, Messrs. Herskind & Woods, West Hartlepool (S O) Oct. 1888 

Y. 

Teoman, F., Messrs. Murrell & Yeoman, West Hartlepool ... (S O) Nov. 1888 

Young, William M., Guildhall Chambers, Newcastle-on-Tjne ... (S O) Mar. 1889 
Younger, Robert Laurie, Messrs. Greenock Steamship Co., Limited, 

Greenock (A) Feb. 1889 

GRADUATES. 

A. 

Adamson, Daniel, c/o Messrs. Joseph Adamson k Co., Hyde Feb. 1888 

B. 

Blackett, Walter, 6, Windsor Crescent, Newcastle-on-Tyne Nov. 1886 

Blakey, John Henry, 6, Cambridge Street, Newcastle-on-Tyne Dec. 1889 

Boyd, William, Jnn., North House, Long Benton, Newcastle-on-Tyne ... Nov. 1887 

Brodin, Olof, 6, Park Terrace, South Shields Mar. 1890 

Bryson, John J., 69, Mount Pleasant, Barrow-in-Furness Feb. 1889 

C. 

Coull, Alex. B., 43, Stanley Street W., North Shields Feb. 1887 

Crosby, J., 1, Randolph Street, Sunderland May 1885 

D. 

Dixon, John R., 79, Osborne Road, Jesmond, Newcastle-on-Tyne ... Oct. 1887 

Donkin, Samuel, 5, Dean Terrace, South wick, Sunderland Jan. 1888 

Dnckitt, J. Brentnall, 9, St. James' Street, Newcastle-on-Tyne Oct. 1888 

F. 

Fkirbalm, Jas., Hendon Valley Road, Sunderland May 1885 

Finch, Herbert K., 10, Eversley Place, Heaton, Newcastle-on-Tyne ... Dec. 1888 
Foley, Wm, 0. le B Nov. 1887 

G. 

Gaine, Roger L., 17, Park Place E., Sunderland Dec. 1887 

Gibson, W. H., East Farm, Fourstones Jan. 1890 

GKlmour, William Laidlaw, Messrs. R. Stephenson & Co., Ld., 

H^bbum^on-iyne ... ... ... ... ... .,. ... ... Mar. 1890 
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H. 

Hamilton, James, 3, Victoria Square, Newcastle-on-Tjne ... 

Hcnshall, Samuel, 9, Chester Road, Sunderland 

Hilbcrt De Mattos, James 

Holey, J. T., 17, Raintou Street, Millficld, Sunderland 
Hume, Alfred Brnest, 34, Burdon Terrace, Ncwcastle-on-Tyne 



ELIOTBU. 

... Oct. 1887 
... May 1885 

... Jan. 1886 
... Oct. 1888 



I. 
Ingram, Herbert P., 30, Brougham Street, East Hartlepool 



... April 1888 



K. 
Keen, Harry Bernard, 6, Beauclere Terrace, Sunderland ... 



.. Dec. 1889 



L. 

Lander, John, Messrs. Wigham Richardson & Co., Walker-on-Tyne 
Lewis, Ernest Edward, 68, Crown Street, Newcastle-on-Tyne 
Liebert, Richard A. E., 214, Portland Road, Newcastle-on-Tyne ... 



... Dec. 1889 
... Mar. 1890 
... Dec. 1888 



M. 

McRobie, Frank, 14, Westmorland Terrace, Newcastle-on-Tyne ... 

Metcalf, Thos., Sea View Gardens, Kokcr, Sunderland 

Mofbtt, James, 2, Clan Brassil Terrace, Marino, Co. Down. Ireland 



... Mar. 1889 
... May 1885 
... Dec. 1889 



N. 

Nicholson, C, 9, Sussex Place, Southampton 

Nicholson, Philip Foster, Sandfield, West Boldon, near Sunderland 



... Not. 1888 
.. Dec. 1889 



0. 

Orr, Reginald, 185, Albert Road, Jarrow-on-Tyne ... 



• • • •• • 



... Mar. 1890 



R. 



... ... .■• 



Reed, Joseph, Springfield, Forest Hall 

Rickaby, Augustine, Bloomfield Engine Works, Monkwearmouth, Sunder- 

land .•* ... ... .•• ... ... ... ... ... ... ^ov. xC/oo 

Ritson, Stanley M., 18, St. Bede's Terrace, Sunderland Nov. 1887 

Roberts, T. C, c/o Messrs. Wigham Richardson &, Co., Neptune Shipyard, 

Walker-on-Tyne Oct. 1886 

Ross, Wm. Chisholm Dec. 1888 

Rutherford, J. T., 80, Ryehill, Newcastle-on-Tyne Jan. 1886 



S. 

Shaw, Thomas, West Boldon, near Sunderland 
Skinner, Leslie, 22, Ravensboume Terrace, South Shields 



... Dec. 1886 
... Dec. 1886 



zli 

CLCCTED. 

Smith, Laoncelot Eustace, 62, Rye Hill, Newcastlc-on-Tjne Oct. 1889 

Stoddart^ Swinton, 24, North Milbnm Street, Sunderland May 1885 

Strang, T. Bankine, 53, Beverley Terrace, Cnllercoats Nov. 1888 

T. 

Taylor, M., Hawthorn Road, Gosforth, Ncwcastle-on-Tyne Feb. 1889 

W. 

Westmacott, Alfred, Benwell Hill, Newcastle-on-Tyne Dec. 1885 

Wheeler, 0., c/o Messrs. Wigham Richardson & Co., Neptune 

Works, Walker-on-Tyne Oct. 1886 

White, Ernest T., 3, Belle Vue Terrace, Gateshead-on-Tyne May 1889 

Wilkinson, Thomas, 14, West View Terrace, Lemington Mar. 1890 

Wortley, H., c/o Messrs. R. Stephenson k Co., Shipyard, Hebbum- 

on-Tyne ... ... ••• .■. ••• ... ... ••• ••• Jan. 1886 
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MEMOIRS. 



THE LATE ME. WILLIAM CLARKE. 

Mr. William Clarke was bom in Sanderland in the year 1831, and 
npeat his yonthf ol days at Bedlington, his &ther at that time holding an 
important position in the Bedlington Engine Works. At the age of 
14 he entered these works as an apprentice under the management of 
Mr. Longridge. In the year 1852 he quitted Bedlington, and afler 
spending some time in the works of Messrs. Sir W. G. Armstrong & Co., 
at Elswick, he joined the Walker Ironworks as assistant to Mr. George 
Dove, where he remained for five years. He then joined the firm of 
Messrs. Abbot & Co., Gateshead-on-Tyne, as manager of their 
engineering department, which position he held for about five years. 
In the year 1864, he, in conjunction with Messrs. Watson & Gumey, 
b^n business in a small engineering works at the South Shore, 
Gateshead ; but their business increased so rapidly as to necessitate their 
removal to more extensive premises. Accordingly new works were built 
in Gateshead, under the supervision of Mr. Clarke, and named the 
Victoria Engine Works. These works which were entered in the year 
1874, are replete with every modern appliance for the carrying on of the 
special trade for which the firm has gained a notoriety, and bear 
testimony to the enterprise, skill, and energy of the deceased member 
of the firm. Mr. Clarke also held the important position of consulting 
engineer for the building and erecting of the chain cable and anchor 
testing machinery in Lloyd's Test Houses at Walker-on-Tyne, Sunder- 
land, Glasgow, and Bristol. He died on the 31st of July, 1890. 



THE LATE MR. ALEXANDER HEPBURN. 

Mr. Alexander Hepburn was bom at Sunnyside, in the Parish 
of Banchory, Devenick, Aberdeenshii-e, in the year 1848, and was 
educated at Cults School and Rennet's Mathematical Academy, 
Aberdeen. At the age of 15 he entered his father's millwright works, 
at Cults, as an apprentice, and after serving five years, he went to 
Birkenhead, and continued for some time in the employ of Messrs. 
Laird Bros. Subsequently he went to sea as an engineer. On 
leaving the sea he joined his brother, Mr. George Hepburn, consulting 
engineer and naval architect, of Liverpool, who took him into partner- 



ahip, and sent him to Xcircnstle-on-Tync to opea an ofiico and manage 
their bnginesH on the Nortli-East Coaet. After some years the partner- 
ship was dissolved, Mr. Alei, Hcpbnm continnin^ the huBiness in 
Newcastle. His servieea ae consnlting and eupcrin ten dent engineer 
were retained by MeBsrs. Adam & Co., of Aberdeen, Neffcastle, and 
London, the Aberdeen, Xevreaatte, and Hull Steam Shipping Company, 
and others. Previous to his decease he had been for a eonsidcmbic time 
in indifferent health, but had bo much improved iia to be able to attend 
to his regular duties, in the discharge of which he was struck down and 
died somewhat suddenly on the 7th December, 1889. Naturally he waa 
of a retiring disposition and void of all assumption, but his geniality 
gathered round him many friends. 



THE LATE THOMAS WILSON. 
Mr. Thomas Wilson was bom at Inverneil, Ardriahaig, Argylc- 
ahire, in the year 1S43. He began his early training as an 
engineer with Messrs. Denny & Co., Dumbarton. Having completed 
his engagement with them he entered the employ of MeserB. John 
Elder & Co., of Fairfield, and subsequently that of Meters. J. & H. 
Thompson, of Dalmuir. He then went to sea and qualified as a 
first class engineer, after which he joined the firm of Messrs. Jardine, 
Mathieson & Co., China, in whose employ he remained for several 
years. Returning to England he spent some time in the works of 
Messrs. Amos & Smith, of Hull, and became connected with the Wilson 
Line of Steamers ; and subsequently he was appointed engineer surveyor 
to Lloyd's Register of Shipping on the River Tyne. While in this 
cupacity he was olTered and accepted the appoiiitment of manager 
over the engineering department of the Wallsend Slipway Co., 
which he held for about sis years. Finally, he accepted the 
appointment of snperinteadent engineer to the General Steam Navi- 
gation Co., and manager of their works at Deptford on the Thames, 
where he remained until bis death, which took place after a very short 
iilnees, on the 15th January, 18D0. Being of an affable and genial 
t^mpemuient he made many friends during his sojourn on the North- 
Eaat Const, and the news of hia sndden and unexiKcted decease was 
received with feelings of deep regret by all who knew him, 
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THE NORTH-EAST COAST INSTITUTION 

OF 

ENGINEERS AND SHIPBDILDERS. 



Constitution anb Xije^Xaws, 

AOOPTBD AT A GeNBBAL MeBTING ON THE 4TH MaHCU, 1883. 

Rbyisbd at Tan Clobimo Bubinbbs Mebtino held on May 4tu, 1887. 

Kk-Kbyisbd at the Closimo Busimebb Meetings held on 

May 9th, 1888, and May 13th, 1889. 



CONSTITUTION. 

I. — The Name of the Afisociation is ''The North-East Coast vvoe. 
Institalion of Engineers and Shipbuilders.*' 

II. — ^The Objects for which the Institution is established objeou 
are : — The advancement of the science and practice of Engineer- 
ing and Shipbuilding, and the interchange of ideas and informa- 
tion amongst its members, by means of meetings for the reading 
and discussion of papers relating thereto, and placing on record 
its transactions. 

III. — ^The Institution shall consist of Honorary Members, 
Members, Associates, and Graduates. 

lY. — Honorary Members shall be such distinguished g^-^i^ 
persons as the Council may elect. 

y. — ^Members shall be Principals or Principal Managers AiembeA 
engaged in Engineering or Shipbuilding; Civil, Military, or 
Mining Engineers, or Naval Architects; whose subscription 
shall be Two Guineas per annum : and other persons engaged in 
the above professions ; whose subscription shall be One Guinea 
per annum. 

YI. — ^AssooiATBS shall be such persons as are not strictly ABBociat««. 
Engineers or Shipbuilders, but are connected with or interested 
in such pursuits, and are deemed by the Council to be eligible 
for Associate membership. Their subscription shall be One 
Guinea per annum. 
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VII. — Graduates mny be persons under rwotity-four years 
of age, engaged in study or employment to quality themaelvea 
for any of the above professions. Their aubscription shall be 
Half-a-Guinea per annum. 

VIII. — Any Membeu may become a Life Membee by a 
single payment of Twenty Guineas, or any Associate may 
become a Life Asbooiatb by a single payment of Ten 
Guineas, 

IX. — The OsTiOEUB of the Institution shall be elected from 
and by tlie Members, and shall consist of one President, tho 
Past- Presidents, nine Vice-Presidents, fifteen Conncilmen, and 
an Honorary Treasurer. 

X. — The President and Honorary Treasurer shall be elected 
annually. Three Vice- Presidents and five Conncilmen shall be 
elected annnally. The retiring Vice-Presidents and Conncilmen 
shall be those who have served three years from their last 
election. 

The President shall be eligible for re-election for a second 
year ; should he be re-elected lie shall retire at the conclusion of 
his second year of oi!ice, and shall not again be eligible until 
alter an interval of one year. 

The retiring Vice-Presidents and Conncilmen shall not be 
eligible for re-election to the same officer until afl«r a similar 
interval, but shall be eligible for election to any other office. 

The Hunoi-ary Treasurer shall be eligible for re-election 
annually, or for election to any other office. 

XI, — Honorary Members may attend all the General Meet* 
ing», they may read papers, take part in diBCUssions, in voting, 
in moving and supporting resolutions, in presentation of notices 
of motion, or in requisitions for Special Meetings, and in the 
proposition of new members ; they shaU also receive copies of 
the Transactions. 

XII. — Members shall have all the privileges of the Institu- 
tion as enumerated in the foregoing paragraph, and shall be 
eligible for office. 

XIII. — Aa.sociutcB shall have all the privileges enumerated in 
paragraph XI. Thoy shall be ehgible for office as Couucilmen. 
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XIV. — Gradnates may attend all the (Jeneral Meetings, they ^{^ 
may read papers, take part in discassioiis, and support resola- 
tions; thqr shall also receive copies of the Transactions, but 
shall not sign proposals for new members^ vote, nor be eligible 
for office. 

XV.— The General Meetings of the Institution shall be held £°JJJ[^ 
during the winter seasons of each year. 

NoTB. — When the word Member is initialled with a capital letter it 
signities a member under paragraphs IV. and V., bat when initialled with a 
small letter, it signifies a member of any class of the Institution membership. 



BYE-LAWS. 

Jlemted at the Closing Business Meetings held on May ith^ 1887, 

and May I3th, 1889. 



Oandidatos for 
Adminion. 



MEMBERSHIP. 

1. — Every candidate for admission as a Member, Associate, 
or Graduate shall be proposed and recommended according to 
the form A in the Appendix, in which form the name, usual 
residence or the place of business^ the qaalification for^ and pro- 
posed class of membership of the candidate shall be distinctly 
specified. Proposals for Graduates mast give the date of, and 
age, last birthday. 

The form shall be signed by a Member or Associate of the 
Institution, as proposer, and by at least other three Members or 
Associates as supporters, certifying a personal knowledge of the 
candidate. 

The proposal so made shall be submitted to the Council, 
when, if it be approved, the Chairman shall sign the approba- 
tion, which shall be inserted in the notice calling the next 
(General Meeting, when the candidate shall be balloted for, and 
shall be accepted if three-fourths of the votes are favourable. 

2. — Graduates desirous of becoming Members shall be pro- 
posed and recommended according to the Form B in the 
Appendix. 

The proposal so made shall be submitted to the Council, who 
shall agree to or reject it. 

8. — ^The balloting for membership shall be conducted in the ^^^J^'°' 
following manner: — Each member shall be supplied by post with 
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a list of tho naraes of the oandidatefl, according to the Form 
in the Appondis, nnd ahall striltc ont the DumeB of sach can- 
dtdat^e n3 lie dusirea Bhall not be elected. These list^ may be 
retiinicd to the Secretary by post, or may be deposited in the 
ballot-box by the voter in person on entering a meeting at which 
an election ia to take plac«. The ballot-box will be closed at 
ten minutes alter tlie advertised time of meeting. The lista 
shall Ihen be handed over to the Ohainnan, who shall appoint 
two Scrutineers to exmnine tJiem, after which examination the 
Chairman shaU inform the meetiug of the resnlt. 

i. — Notice of Eleciion as a member shall bo sent to the can- 
didate within one week after his election, according to the Form 
D in the Appendix ; bat his name shall not be added to the list 
of Members, Associates, or Graduates of the Inatitation, until 
he shall have paid his Brst anuuul sabscription. 

5. — In case of rejection of the candidate, no mention thereof 
shall be made in the minutes, nor shall any notice be giTen to 
the unsuccessful candidate. 

C. — All aubscriptionB shall be payable in advance, and shall 
become due on the 1st of June each year. Any Member, 
Assuciut^, or Graduate, wisliiug to retire from the Institution 
shall continue to be liable for his annual subscription until he 
shall have given formal notice of his i-etiremcnt to the Secretary, 
which notice must be given on or before the Sliit of August in 
each year. Application for mcmbei-ship may be made at any 
time during a Session, and the subscription shall cover the 
membership up to the Ist of June following. 

7, — On payment of each snbscription the Secretary shall 
forward to the member an official receipt. 

8. — Oq question of privilege. — Any person who may be un- 
known in the ipccting shall only be able to cluim the privilege 
in question on proving his membership for the current 
Session. 

9. — Any member nhnsc aubscription is one year in arrear 
shall be reported to the Council, who shall direct application to 
be made for it, arrarding to Form E in the Appendix ; and in 
the event of its continuing in arrear until the cud of that 
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SeadoD after snch application, the Goancii shall have the power, 
iSUtr remoDBtranc« by letter, according to the Foriu P in the 
Apptndii, of declaring that the defiinlber has ceased to be a 



10. — The Council may refuse to continue to receive the sub- | 
Bcriptions of anj member who shall have wittingly acted in i 
contravention of the Regulations of the Inslibution, or who shall, 
in the opinion of the Council, have been gnilty of such conduct 
as shall have rendered him nnfit to continue his memtiership ; 
and the Council may remove his name from the list of members : 
and SQch person shall thereupon cease to be a member of the 
Inetitntion. Notice of such action of the Council shall be for- 
warded to the person in question, in accordance with the Form 
G in the Appendii. The reason for such action of the Council 
shall not be stated to the person expelled, without the sanction 
of the CounciL 

OFFICERS. 
11. — The Annual Election of Ofltcera shall be condncted in | 

the following manner : — The Council shall meet in March or 
April, and shall arrange a list of nominations, in accordance 
with the Form H in the Appendix. Such Hat shall be presented 
at the General Meeting immediately preceding the last General 
Meeting of the Session, and any Member present shall be at 
hberty to nominate additional Members. The list shall show 
who remain in otBce throughout the Council, and who are 
retiring. It shall nominate new names in the place of the 
retiring Members, and the number of nominations shall be, at 
least, two in excess of the number required ineach section of the 
Council. A copy of this ballot list shall be forwarded U> each 
Member and Associate, together with a complete list of Mem- 
bers, to be filled in, in accordance with the instructions printed 
in the ballot form, and to be returned to the Secretary, to be 
opened in the presence of the Council, at a Council Meeting 
which shall be held in April or May, when the scrutiny and 
coonting shall be carried out by the Council. Any Member in 
voting sliatl be at liberty to erase any name or names from the 





liat flnd aiibstitiitc the names of any other person or persons 
eligible for each respective oHict' other than those already placed 
on the biillot list by tliu Council and Memtere of the Institution, 
Any voting paper retnmtng either more or less than one 
President, six Vioe-Preeidenta, one Honorary Treasurer, and 
fifteen Couucilmcn, shall bo disqualified for the section or sections 
in which such errors occur, and the votes shall bo lost for the 
said section or sections. The voles given as President, to a 
Member who is not elected PreGidont, simll oonnt [o him as b 
Vice-President; the votes given ns Vice-President, or Treaanrer, 
to persons not so elected, shall count to tbem as Councilmcn, 
unless they have just corapleted a. term of office in such capacity. 
Tlic voting list shall not be sent to any Member and 
Associate whose subsuriptions are more than one year in arrcar ; 
nor shall any Member be nominated on the list. For thi.* 
purpose, the Secretary shall prepare, previously to the meeting 
of Council, a list of those Meml)era whose subscriptions are more 
than one year in arream. 

12.— The result of the ballot for Officers shall be deelart^d at 
the General Meeting, to be held in May, at which meeting 
general business shall be transacted, At the May fleneral 
Meeting the newly-elected Officers, after being declared, shall 
nnter into office ; and this shall be the lasi meeting of the Session. 
■" 13. — The Council shall have power to supply any casual 

vntancy within itself (including any casual vacancy in the office 
of President), which shall occnr between one May Meeting and 
another ; and the OIlictTB so appointed shall retire when the 
peraou whose place they (ill would have retired. Vacancies not 
fiUed ap during the year shall be filled at the General Election. 

GENERAL MEETINGS. 

14. — The Annual General Meeting shall take jilace in October, 
and shall be held in Ncwcaatle. The Ordinary Heetiugs shall 
take place in the second week in each following mouth during 
the Session, unless otherwise nrran<;ed by the Council, and at 
such hours and places as the Council may deleimine. 
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15. — Seven dear days' notice of CTery General Meeting, Ordi- Sj^SS^ 
naiy or Special, specifying the natnre of business to be tran- 
sacted^ shall be given to every member of the Institution. 

16. — ^A Special General Meeting may be convened at any SR^lSo!*"*^ 
time by the Oonncil, and such meeting shall be convened by the 
Council whenever such is the declared wish of a General Meeting, 
or whenever a written requisition, signed by twenty members, 
specifying the object of the meeting, is left with the Secretary. 
If, for fourteen days after the delivery of such requisition, a 
meeting be not convened in accordance therewith, the rcquisi- 
tionists, or any twenty members of the Institution, may convene 
a Special Meeting in accordance vrith the requisition. The 
busincj^s discussed at such Special Meeting shall only be that 
indicated on the notice calling the meeting. 

17. — Twenty Members shall constitute a quorum for the pur- Q«»onnn. 
pose of a meeting other than a Special Meeting. Thirty Members 
shall constitute a quorum for the purpose of a Special meeting. 

18. — The President shall be chairman at every meeting, and ^yJJ^' ** 
in his absence, one of the Past-Presidents or one of the Vice- 
Presidents ; or in the absence of these, a Councilman shall take 
the chair ; or if no Councilman be present and willing to take 
the chair, the meeting shall elect a Chairman. 

19. — The decision of a General Meeting shall be ascertained D«iiii«n»iof 
by a show of hands ; or, when five Members or Associates shall **«e'i»»«^ 
demand, or the Chairman may think it desirable, the decision 
shall be taken by ballot. The manner of counting the votes 
shall be at the discretion of the Chairman, and an entry in the 
minutes, signed by the Chairman, shall be deemed sufficient 
evidence of the decision of a General Meeting. In cases of 
equality of votes, the Chairman shall have a casting vote ; other- 
wise he shall not vote. 

20. — Questions of a personal nature arisine: in a General guertionHofft 

^ ^ *^ Personal Nature 

Meeting, shall, if possible, be referred to the Council, otherwise IS^^JSST* 
the decision of the meeting shall be taken by ballot on a motion 
or amendment put to the meeting. The ballot shall be taken by 
the voters (being Members or Associates) writing "for" and 
^against" on a slip of paper. The slips shall be folded and 
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collected, and then couBted in the presence of the meeting, and 
thfi result annonnced by the Chairman. Shoald fewer than 
twenty votes be given, it shall be understood that the qaestion 
is shelved, and the votes shall be destroyed without being 
opened. 

21. — At every General Meeting of the I UBtitution, the Secre- 
tary ahftll first read the minutes of the preceding meeting, which, 
on approval, shall be signed by the Chairman ; bosincsB ariaing 
out of these minutes shall then be transacted. The Secretory 
shall read any notices wliich may have to be brought before the 
meeting. Notices of motion may then be given, and other 
business of the Institution may be attended ta : but when a 
paper is to be read, the foregoing bueinesa shall not be extended 
beyond half-an-hour after the advertised time for commencing 
the meeting. The paper or papers for the evening shaU then 
be read and discussed. 

22. — If within half-an-hour after the time filed for holding 
a General Mei-tii^ a qnornm is not present, the meeting shall be 
dissolved, and all matters which might, if a quorum had been 
present, have been done at the meeting ao dissolved, may forth- 
with be done ou behalf of the meeting, by the Council ; except 
the rending or discussion of a paper, which shall not proceed in 
the aiBenee of a quoram. 

23. — Auy General Meeting of the Institution may be ad- 
journed by a vote of the Members and Associates present ii 
there be a quorum ; if there be not a quorum, the case shall be 
met by the preceding paragraph. 

24. — Ench member shall have the privilege of introducing 
one Friend to the General Meetings, wliose name must be written 
in the Visitorn' Book, together with that of the memljer intro- 
ducing him ; but if the introducing member be noable to attend 
the meeting, he may send the name of the visitor to the Secre- 
tary. Dnring such portions of any of these meetings as may be 
devoted to any bnainess connected with the management of the 
Institution, \nsitoTB may be reqncated by the Chairman to with- 
Thifi shall be done If five Members or Associatca, or both, 
pri'si'iit request it. 
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COUNCIL MEETINGS. 



25. — ^The Council shaU meet before each General Meeting, or 
on other occasions when the President shall deem it necessary ; 
being summoned in either case by circular, stating the time of 
meeting, and the business, so far as is known. 

No business involving expenditure of the funds of the Insti- 
tution (except by way of payment of current accounts) shall be 
transacted at any Council Meeting, unless the circular gives six 
dear days' notice, and states the business. 

All discussions of a personal character in the Council shall 
be considered and treated as being strictly confidential. 

26. — The Council may regulate its own procedure, and dele- 
gate any of its powers and discretions to any one or more of its 
nnmber. 

The President shall, ex-offido^ be chairman of all Council 
Meetings, and in his absence one of the Past-Presidents or one 
of the Vice-Presidents shall take the chair ; or in the absence of 
these, one of the Councilmen shall be elected to take the chair. 
Five members of Council, including the Chairman, shall form a 
quorum. 

In the appointment of Sub-Committees, the Council shall 
determine the number which shall form a quorum in each case, 
and shall appoint a Chairman. These regulations shall not 
affect the Finance Conmiittee. 

27. — ^The Council may appoint Committees either from itself, 
or with the assistance of persons outside, for the purpose of 
transacting any special business, or of investigating specific 
objects connected with the work and interests of the Institution. 

28. — ^All Committees or Sub-Committees shall be appointed 
by the Council, and shall be subject to that body, and shall 
report to it. The Council shall act upon these reports or recom- 
mendations as it may think best. 

29. — The Council may invite to General Meetings or to 
Council Meetings any person or persons whose presence and 
assistance it may desire, and strangers so invited shall be per- 
mitted to take part in the proceedings, but not to vote. 
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30. — The Secrelary. wlio filial! also act us Tri-nsurer, shall ht 
Kppointed by and act under the direction and control of tba 
Conncil, and ahall be paid such salary as the Council shall 
detcrmiite. He shall attend all meetings, Conncil and General, 
ud shall lake minut«e of the proceediofrs, and enKr them in 
JKOffx books provided for the purpose. He shall write the 
flomqNndence of the Institution and Council, read minutes and 
wriNtt tl nwettDKs, report di!«.'uesi<>ns, and, if required bj the 
OcNUwil, prqnre papers for reading and publication, and read 
pkpon Mtd commnnicatioDs al tlie meeting. He shiLlI iiK»ive 
lU {«jrn>ent« due to the Institntion. and shall bank tlir cosh in 
huui mheaeva it amoimta to ten pounds. The bank shall be 
4ttennilwd by Iho Coimcil and the banking aceouui shidl be in 
tbo wunw indicated in connection with the Finance Lktumittee. 
Bo shall keep a cash account book, general and detail, whicb 
shall on all oocasionB be open to inspection by the Finance 
Onmuiittoo or by the Conncil. He shall keep a register of the 
natiiM of Qiv'tnberB. so arranged as to distinguish all utcmberB 
tthuac aubecriptiotiB are in arrear. He shall also perform what- 
ftTur other duties are indicated is the Dye- Laws of the Institn- 
lk>n u apiwrtaining to his department ; and shall remain in 
olHiw duriii); the pleasure of the Conncil. He shall not vote on 
aity rtw'tutiuu. 

ai. — The ftdlovring Sub-Committees shall be appointed 

Miunalljr by (lie Council: — (1) A Finance Committee, toconsiBt 

of WWH pwwuii, v'vL, one Past-President or Vice-President, 

wli«i nIihII Iw OhMnnaii: Bve Ooiincilmen, and the Honorary 

'hxwutvi' i>r tho Institution; three of whom shall form a 

t|i)iU'U<ti ri"' 'IV-MHurer shall be empowered to pay all amounts 

iliw (VWH tlm llwlitulJoii which are under tw.i pounds. AH 

UltOHUlt \^' Iwit iNttimId and upwards shall be paid by cheque 

litlHwt l(J Uii* Oli*lrinau of tlie Finance Committee (or in his 

I |ii«i>i«v. by thii Pwwdpnt nr a Past-President), the Secretary, 

kim) (Im llolioiury Tnwinrer. (3) A Reading Committee, to 

Ppiwut I J tix ummlior* of Ooimoil. 
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TBANSAOTIONS, 



32. — All papers shall be forwarded to the Secretary at least 
five clear weeks before the proposed date of reading. The 
Secretary shall submit them for approval to the Council, and on 
their general approval they shall be handed to the Reading Sab- 
Committee, three of whom at least, shall read the paper through. 
The Reading Conmiittee shall be at liberty to strike out any 
parts which, in their opinion, ought not to be read. They may 
also make any suggestions to the author as to points which 
might with advantage be inserted or altered. 

S3. — The papers read, and the discussions on them, or such 
portions of them as the Council shall select, shall be printed for 
distribution among the members, each of whom shall receive a 
copy. These Transactions shall be edited by the Secretary, in 
accordance wi||i instructions of the Council, who shall have 
power to omit parts of discussion which may be foreign to the 
subject, or which it may be deemed undesirable to retain. Each 
paper shall bear the date on which it was read in Greneral Meeting. 
84. — Copies of papers to be read during any session will be 
sent seven days before the date of reading to members who shall 
have applied to the Secretary for thera, in writing, at the com- 
mencement of the session. The discussion on a paper shall not 
be considered closed on the evening on which it is read, but 
shall be open for renewal at a subsequent meeting, prior to the 
reading of the paper set down for that date. 

35. — Proofs of the reports of discussions shall be sent for 
correction to the members who have taken part in the discussion, 
but must be returned to the Secretary within seven days of the 
date on which they were sent, otherwise they will be deemed 
correct, and will be printed off. 

36. — ^The Council shall be at liberty to print as Transactions, 
either with the papers and discussions or separately, explanatory 
notes, etc., communicated after the reading or discussing of a 
paper. Such communications shall bear the date on which they 
shall have been received by the Secretary. 

37. — ^The Institution shall not be held responsible for the 
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Statements and optaioos advanced in any of the papers nMoh 
may be read, or in the discoBBions which may take place at the 
of the Institation. 

38. — Twenty oopiea of each paper and diacnssioa shall be 
to the author of the paper, for private use, and one 
copy shall be sent to each member. When a paper is prepared 
by two authors, tifteen copies shall be presented to each. Dapli- 
CWe copies of parts of the Transactions mislaid or loet by 
membetB cannot be supplied to them, except as provided for in 
Bye-Uw4I. 

89, — ^The TransactJons shall not be snpplied free to members 
wboe mhecriptions are more than one year in arre^r. 

40. — Any member elected at any time between the Annual 
(Ir-neral Meetings shall be entitled to copies of all the Transactions 
issuud during the session to which his first sobscription applies ; 
but not until the subscription has been paid. 

41. — The TrausactioDS of the Institution shall be the exclu- 
sirv jvr»>perty of the Institution, and shall be publishod only by 
btw authi>rity of the Conncil. Additional copies of papers 
nt)iur«d by aathora for their private use can only be procured 
tt\>iu lh« Swrrtary, at prices fixed by the Conncil fi-om time to 
tiue^ iumI ibeee txipies must conktin the whole of the discussion 
h^Uvwtaig the pspore, and be bound in the usaal cover, with the 
yhKbOu of the following words : — " By permission of the 
QwukcUt" ••'1 *" EicerjA Minutes of Proceedings." Duplicate 
wtwMS uid <M^*s of parts of the Transactions, it in print, can 
«llw bg obUkiuwd from the Secretary, and shall be sold only by 
luuu in viftt uuuiiKT and at such prices as the Conncil shall 

'VI.— LHiri^j: a discussion upon any paper, no person shall be 
Kb IklKtSy 'v ♦i'wk nu>r»' than once (except by way of explana- 
iMti\ ^ fv* * hio^t pivtod than ten minutes. 

AOCOUNTa 

, ., ^ .i^wJ nbali t>n»*nt the yearly acconnts (up to 
.s:svlltw} *>l ^ October General Meeting ol 
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each year, after they have been audited by a professional 
Aoooantant, appointed by the members at the General Meeting 
in May. 

ALTERATIONS TO CONSTITUTION AND BYE-LAWS. 

^1. — Alteration in or addition to the Constitution and Bye- 
Laws may be made only by resolution of the members at the 
May General Meeting, after notice of the proposed alteration or 
addition has been announced at the previous General Meeting. 

The resolution may be modified by the Council meanwhile, 
should they so desire ; but in this case it shall be read at the 
May General Meeting in its original form before it is proposed 
in the amended form. 

Such resolutions shall be stated in the notice calling the 
intervening Council Meeting, and also in the notice calling the 
May General Meeting. 

Any member unable to be present at the meeting at which 
such altemtions are to be considered, but who is nevertheless 
desirous of recording his opinion thereon, shall be allowed to 
vote by proxy, such proxies shall be in Form J in the Appendix, 
which may be had on application to the Secretary, and may be 
used by any member present at the meeting on behalf of the 
absent member, and counted by the Chairman as of equal value 
with votes given in the manner provided in Bye-Law 19. 



THE LIBRARY AND READING ROOM BYE-LAWS. 

1. — The Library and Reading Room shall be managed by a 
Committee, called the Library Committee, who shall have charge 
of all books, papers, specimens, etc., which may belong to the 
Institution. It shall consist of five members of the Institution, 
of whom at least two shall be members of Council. 

2. — The books and other property of the Library shaD be 
vested in the Trustees appointed by the Institution. 

VOL. VL-1890. H 
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8. — ^The Library Committee shall be appointed annnally, at 
the first meeting of the Gonncil in each session, and its members 
shall be eligible for re-eleetion. 

4. — ^The Secretary of the Institution shall be Librarian, and 
shall also act as Secretary to the Library Committee. Three 
members of the Committee shall form a qnorom. 

5. — ^The Library Committee shall be responsible for the 
binding and porchasing of books, periodicals, papers, etc., and 
for the expending of all money voted by the Council for its 
nse. It shall appoint an attendant who shall act as Assistant 
Librarian. It shall make Bye-laws for the management of the 
Library, subject to the approval of the Council, and present an 
annual report to the first meeting of the Council held after the 
annual scrutiny of the books, referred to in Bye-law No. 13. 

6. — Except when closed by special order of the Library Com- 
mittee, or when the Council is sitting, the Library and Reading 
Boom shall be open for consulting, borrowing, or returning 
books, every week day as follows : — On Monday, Tuesday, 
Thursday, and Friday from 10 a.m. to 12 noon, and from I'SO 
to 9 p.m. ; on Wednesday, from 10 a.m. to 12 noon, and from 
1*30 to 5 p.m. ; on Saturday, from 10 a.m. to 1 p.m., and from 
3 to 9 p.m. The Rooms will be closed on Christmas Day, New 
Tear's Day, and Good Friday, Monday and Tuesday in Easter 
week and Whit week, and from the first to the second Saturday 
in March of each year, as mentioned in Bye-law No 13. 

7. — Books shall not be lent to any persons except Members, 
Associates, or Graduates of the Institution, but a person entitled 
to borrow a book may send a messenger with a signed order for it. 

8. — Each member shall be entitled to introduce a friend to 
the Reading Room, whose name shall be written in the visitors' 
book, together with that of the member introducing him. 

9. — The books marked with an asterisk in the Catalogue 
shall be kept only for consultation in the Library, and shall not 
be lent. Pending the preparation of a Catalogue, the Librarian 
shall be instructed by the Conmiittee as to which books shall be 
withheld from circulation. 
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:.cji/incs, or pamplilcts shall l)c issued for 
•' r they have been bound and added to the 

I'Mi'hm slmll keep a register in which he hiin- 
>:ant shall enter the titles of the books lent, the 
- . I he name of the Ijorrower, and the date of the 
'•i»'>k to the Library. The borrower of the book 
: -ff his order shall initial the entry of such borrow- 
'.•■■: Liibrarian or the attendant shall initial the date of 
■ •! the book. 
- Xo person shall borrow or have in his possession at one 
. re than two volumes belonging to the Library. 
. — No member shall retain a book longer than fourteen 
'j.Mrluding the day of issue. He shall be responsible for 
:il{j return of the book, and if it be damaged or lost ho shall 
' ((ood the cost of such damage or loss. 
1 .^. — All books belonging to the Library shall be called in 
inspection and the lending out of books sliall be suspended 
>ni the first to the second Saturday of March, inclusive, of each 
'. <.ar, and members shall be required by an intimation inserted 
in the notice calling the preceding meeting of the Institution to 
return all books in their hands before the period mentioned. 

Members failing to comply with this injunction shall pay a 
fine of two shillings and sixpence. 

14. — Members are requested, when in the Reading Room 
or Library, to contribute to the general comfort by carefully 
abstaining from bud talking, noise of any kind, and from 
smoking. 

15. — Any member being twelve months in arrears with his 
sabaoriptions to the Institution shall not be at liberty to use the 
Libraiy or Beading Boom after ihe commencement of the first 
following. 
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N.B. — ^The forcing Rules may be amended at any time by 
the Library Committee with the sanction of the Council. 



APPENDIX TO BYE-LAWS, 



FORM A. (BYE-LAW 1.) 
Name (in full) 

Profession or Occupation and where Employed 
Address 

being desirous of admission into the North-East Coast Institu- 
tion of Engineers and Shipbuilders, we, the undersigned, propose 
A^SSa^or and recommend that he shall become* 

Graduate. , . 

t A Principal. thcreof . >v c know hira to bej 
i>T%uStM^n.eio and eligible for the proposed membership. 

X!'*-?i*I'^.y • **' FROM PERSONAL KNOWLSDGK. BKCTION OF XXMBXRSRIP. 

Constitution. 

Proposed by. 

Supported by 

Three Members 

or Associates. 



Dated this day of 

(When a Oraduaie is proposed the age last hirihdatf should he stated,) 



FORM B. (HYE-LAW 2.) 

A. B. [Christian Name, Surname, Occupation, and Address 
in full] being at present a of the North-East Ooast 

Institution of Engiueers and Shipbuilders, and upwards of 
twenty-four years of age, and being desirous of becoming a 

of the said Institute, we, the undersigned 
[Members or Associates], recommend him, from personal knoW' 
ledge, as a person eligible for the proposed Change of member- 
ship, because — 

{Here specify distinctly the Qualifications of the Candidate according 
to the spirit of the liules of the Institution.) 

Signed j ^^ 

} [Members or 

I Associates.] 



Dated this day of 18 



Ixi 
FORM C. (BYE-LAW R.) 

BALLOTING PAPER FOB MEMBERSHIP. 

The Conncil having considered the recommendatioM for 
Membership of the following gentlemen, present them to be 
balloted for, viz. : — 



Mrvbek, 

Akmooiatk. or 

Qkaduatk. 



OOCUPATION. 



AODBJCSS. 



BUPI-ORTED 

lIO«n.AT.DB».'.^»^2i'.;i"B 
Abpociatw*. 



Strike ont the names of snch persons as jon desire shall not 
be elected, and forward the list bj post to the Secretary, or 
personally place it m the ballot-box at the Meeting. 



FORM D. (BYE-LAW 4.) 

Sir, — T am directed to inform you that on the day 

of you were elected a of the North-East 

Coast Institution of Engineers and Shipbuilders, but, in con- 
formity with Bye-Law 4, your election cannot be confirmed, nor 
your name be added to the roll of membership, until you have 
paid your first annual subscription, the amount of which is 
£ : ! , or, at your option, the Life Composition of 



Payment may be made to the Treasurer, Mr._ 

Address,. 

I am, Sir, 

Tours faithfally. 



Dated 



V8 



Secretary, 



N.B. — In caso of a Graduate, strike out " or, €U your option, ike 
Life Compotilion of & i t 



»» 




rOR^t E. (BTE-LAW 9.) 
8m, — I am directed by the Council of the North-East Coast 
InBtitntion of Engineers and Shipbitllders to draw your attention 
to Bje-Law 6, and to remind yon that the sum of £ 
of your annual subscriptions remains unpaid, and that yon ore in 
consequence in arrear of Bubscription. 

I am also directed to request that you will cause the same to 
be paid without further delay, otherwise the Council will be 
under the necessity of exercising their discretion as to using the 
power vested iu them by the Rule above referred to. 
I am. Sir, 

Yoiira faithfully, 

Secretary. 

FORM F. (BVE-LAW 9.) 
Sir, — I am directed by the Council of the North-East Ooaet 
Institution of Engineers and Shipbuilders to inform you that in 
consequence of non-payment of your arrears of subscription, and 
in pursuanco of Bye-Law 9, the Conncil have determined that 
unk-ss payment of the amount (£ ) is made previous 

to the day of nest, they will proceed to declare 

that you have ceased to be a member of the Institution. 

But, notwitlistandir^ this declaration, yon will remain liable 
far payment of the arrears due from you. 
I am, Sir, 

Yours Jaitlifully, 

Secretary. 

FORM G. (BYE-LAW 10.) 

Sir, — I am directed by the Council of the North-East Cnast 
Institution of Engineers and Shipbuilders to inform you that 
they feel it their duty to advise you to withdraw from the 
Institutiou, or otherwise they will be obliged to act in accord- 
ance with Bye- Law 9 (or 10, as the case may be.) 
I am, Sir, 

Yours faithfiilly. 
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FORM H, (BYE-LAW 11). 

BALLOTING LIST. 

PsisTDBirT. — Ohb Namb only to be retarnedf or the vote will be lost. 
Prendent for the current year (eligible for re-dection.)* 



:} 



New Nominations, from whom to select ONE. 



ViCB-P&ESiDBirrs.— NiKB Nambs only to be returned (including the six 
who remain in office), or the vote will be lost. 



Six Vice-Presidents remaining in office, whose seats arc NOT 

vacant. 



I Three Vice-Presidents retiring, and NOT eligible for re-election. 
New Nominations, from whom to select THKEE names. 



Tbbasurbr.— Ohb Nakb only to be returned, or the vote will be lost 
Treasurer for the current year, eligible for reflection. 



:} 



New Nominations, from whom to select ONE. 



Cou?iCiiJ(BiT. — FiPTBBK Nambs only to be returned, including the ten who 

remain in office. 



Ten Councilmen remiuning in office. Tlicse do not require to be 
) voted for at this election, as their term of service has NOT yet 

expired. 



Five Councilmen retiring, and NOT eligible f«»r rc-oloction. 



New Nominations from whom to select FIVE. 



* To be croMBd out bof oro iarao, whoa the Presldont b not eligtblc for ro eloctloo. 



Ixiv 

N.B. — (a) The names of those who remain in offioe will he counted in 
the total numher required without heing re-written hy the voter. 

(b) Any list having either xobb or lbsb than the required numher of 
names voted for in any section will be disqualified for that section. 

(o) Votes as President for a person who is not elected will count for him 
as a Vice-Prerident. 

(d) Votes as Vice-President, or Treasurer, for persons not so elected, will 
couut for them as Councilmen, unless they have just completed a term of 
office in that capacity. 

(e) This list, duly filled in, may be returned to the Secretary by post, or 
handed to him, so as to be on the Council table before the commencement of 
the scrutiny, which is appointed to take place in the Council Room, at 8 
p.m., on 18 

(/) A copy of this list shall be posted at least Seven Thys prcvions to 
the Annual Meeting to every Member and Associate, who may erase any name 
or names from the list and substitntc the name or names of any other person 
or persons eligible for such re8i)cctive offices, but the number of persons on 
the list after such erasure or substitution must not exceed the number to be 
elected to the respective offices. 

Secretary. 



(FORM J. (BYE-LAW 44.) 



Nouth-East Coast Institution of Enoinkkrs and SniPBUiLDKRA. 



FORM OF PROXY 
Foil VoTBS ON Altbbatignb to Constitution or Btb-Lawp. 



I 



I, being [an 

Honorary Member, Member, or Associate] uf the above Institution, 

do herebv appoint Mr 

who is [an Honorary Member, Member, or Associate] of the same 
Inntitutiun, to act as my Proxy, and record my Vote at the General 

Meeting of the Institution, to bo held on the day of 

, 18 , and at any adjuumment thereof. 

Signature 

Addrrss 

I 

I 

, 

I 
•^ Secretary, j 



NORTH-EAST COAST INSTITUTION 



OP 



ENGINEERS AND SHIPBUILDERS. 



Sixth Sessiojs', 188!)-00. 



PROCEEDINGS. 



ANNUAL GENERAL MEETING, HELD IN THE LECTURE HALL OF THE 
LITERARY AND PHILOSOPHICAL SOCIETY, NEWCASTLE UPON- 
TYXE, ON MONDAY EVENING, OCTOBER 21st. 1889. 



F. C. MARSHALL, Esq., President, in the Chair. 



The Secretary read the minutes of the Closing Business Meeting 
of the last session, held in Newcastle-upon-Tyne, on May 13Lli last, 
which were approved by the members present, and signed by the 
President. 

Tlie ballot for new members having Ixien taken, the I^rcsident 
appointed Messrs. Alex. Taylor and James Patterson to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Baniett, James Rcntiic, Lilvbaiik House, Johnston, N.R. 

Bcardmorc, William, Messrs. \Vm. Bcardmore & Co., Parklieacl Forj^i*, Glasj^ow. 

Berkley, William, Messrs. R. & W. Hawthorn, Leslie, &. Co., St. liter's, 

» 

Newcastle-on-Tyne. 
Booth, Arthur Spcnce, 77, Tlioruton Strwt, West Hartleiwol. 
Churchill, James Dixon, 23, Leadenhall Street, London, E.C. 
Cooper, Nusserwanji Naoroji, Tnths Apari. Chawpati, Malabar Hill, Bombay, 

India. 
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2 MEMBERS. 

Dykes, John, Lloyd's Registry of Shipping, Barrow-in-Farness. 

Eltringham, Joseph T., Stone Quay, South Shields. 

Harrison, Alfred, 13, Nelson Street, Sunderland. 

Head, Jeremiah, Middleshorongh-on-Tees. 

Jones, Frederick Robert, Sirmoor State, Nahan, Punjaab, India. 

Middlemass, Tlioinas, 3, Albert Place, Norton Road, Stockton-on-Tees. 

Rayner, Tliomas, 24, Side, Newcastlo-on-Tyne. 

Reed, Joseph, 25, Side, Newcastle-on-Tyne. 

Robson, George, 9, Wellington Terrace, South Shields. 

Scott, Gc-orgc Inncs, 9, Queen Street, Newcastle-on-Tyne. 

Zecinan, J. II., c/o Messrs. The Moos Co., Limited, Rotterdam. 

ASSOCIATE. 
Crosier, Edwanl James, 9, Lincoln Terrace, Gateshead-on-Tyno. 

GRADUATE. 

Smith. Launcclot Eustace, 8, Wilbcrforcc Street, Wallsend-on-Tyne. 

The Councirs Report and Treasurer's Statement for last year was 
re;ul by the Secretary, and submitted to the meeting for adoption. 



OOUNCIL RBPORT. 



COUNCIL REPORT. 

(Fifth Session.) 



The fifth session has been an eventfiil one in the history of the Institution. 
The financial position of the Institution is extremely satisfactory, as will 
be seen from the balance sheet submitted with this Report. This is 
largely due to the alterations made at the close of last session in Articles 
V. and VII. of the Constitution, by which the subscriptions of certain 
classes of members were increased, together with the increase in the 
number of members during the year. 

In response to the kind invitation received from the members resident 
in the Hartlepools, the Institution visited the Hartlepools on the after- 
noon of Saturday, October 20th, 1888. The various shipbuilding and 
engineering establishments were thrown open for inspection to the 
members, who were afterwards entertained by the Local Reception 
Committee at a dinner presided over by the Mayor of West Hartlepool 
(William Gray, Esq.), supported by the Mayor of Hartlepool (Thomas 
Richardson, Jun., Esq.). In the evening the Ocneral Meeting was held, 
presided over by the President (F. C. Marshall, Esq.), at which an im- 
portant paper on "The Use of Machinery in Construction," by John 
Price, Esq., was read, and an interesting discussion ensued. The meet- 
ing altogether was a most successful one. 

It having been resolved that suitable OflSces should be procured for 
the Institution, rooms were taken on the first floor of No. 4, St. Nicholas' 
Buildings, Newcastle-upon-Tyne, which were entered by the Institution 
on November 11th, 1888. These consist of a Library and Council Room, 
Reading Room, and Secretary's OflSoe. The cost of furnishing these 
rooms is being met by donations received from the members alone, no 
moneys having been taken from the General Fund of the Institution. A 
code of Bye-Laws has been drawn up for the management of the Library 
and Reading Room, and for some months past the rooms have been 
open daily for the use of members. 

During the session the following resolution was passed by the 
Council: — "As the Institution now possesses a room suitable for the 
purpose, meetings of Graduates shall be held during each session, as may 
be arranged by the Council, to read and discuss papers and other matters 
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GonnectFed with sliipbnildin}; sod engineering, it being understood that a 
member of the Council ahall take the chair at each meeting." A meeting 
of the Graduatea was convened hy the President to take action upon thii 
resolution, but the number of Gi'aduates who attended was so small that 
it was agreed nothing should be done till the following sessiuD. It is now 
hoped that the Graduates will avail themselves of the advantages offered, 
and the Conned will be pleased to consider any soggestions they may 
wish to moke. 

On June 11th, 1889 (Whit-Tucaday), the members and their friends 
visited the Forth Bridge, then under construction. The trip proved a 
most enjoyable one, and it ia hoped it will be the prelude to similar 
annual social gatherings. 

During the session the following papers were read : — 
1. — " The Use of MacLintrj in Construction." Bjr Mr. John I'ricc. 
i.—" A Nc* Syitem of ShipbnildinK to facilitate the application of Machine 

Itivetiiig to Shell Plating." Bj Mr. Johan Julinsoa. 
a.—" A New Wave Motor." By Mr. J. A. Rowc. 

4._" The Striicturat Streng;th of Cargo Sttiamera." By Mr. G. Borgstrflni. 
6.—" The Development of the ' Well-Deck ' Cargo Steamer." By Mr. G. W. 

Sivawright. 
6.—" Corrosion and Pitting in Mariue Boilere." flj Mr. J. B. Dodda. 
7,— "Tlie Proper Capacity of Air PiiiupB." By Mr. J. H. Hamilton. 
The following additions have been made to the hst of members : — 
1 Life Member, 108 Ordinary Mcmljcrs, 26 Associates, 12 Gradtial«B, 
and 7 Graduates have been raised to the rank of Members, The Institu- 
tion has to regret the loss by death of two of its Members — Mr. G. H. Gar- 
rett and Mr. Thos. Robson. It has also lost by resignations, gentlemen 
leaving the district, and Iroin other causes, 25 Members, 4 Associates, 
and 3 Graduates. The number of names now enrolled is 3 Honorary 
Members, 5 Life Mcmbei-a, 583 Oixlinary Members, 1 Life Associate, 
89 ^VBsociatcs, and -15 Graduates, making a grand total of 726 Members. 
The property of the Institution has been vested in three Trostees — 
Messrs. "William Boyd, W. Theodore Do.^ford, and Francis C. Marshall. 

In order to meet the contingencies necessarily arising in the working 

of such an Institution as this, it has been requisite to make further 

alterations in the Articles of Constitution and the Bye-Laws, as follows: — 

(a) Owing to the large influi of Members from the Hartlepool 

district the numlier of representatives on the Council list 

has been increased by the addition of three Vice-Presidents, 

making nine in place of sis, and Articles IX. and X, have 

been amended accordingly. 
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{b) In Article YII., relating to the Graduates, the age has been 

extended from 21 to 24 years. 
{c) In Bye-Law 6 an important alteration has been made by the 
insertion of the following clause: — "Any Member, Associate, 
or Graduate wishing to retire from the Institution shall 
continue to be liable for his annual subscription until he 
shall have given formal notice of his retirement to the 
Secretary, which notice must be given on or before the 31st 
August in each year." 
The Council regrets having to report that the sura of the 8ul)8crip- 
tions in arrears has somewhat increased. It is hoped that those members 
whose subscriptions for the previous sessions are still unpaid will at once 
remit the amount to the Secretary. 

Another great source of inconvenience is due to the forgetfulness of 
some of the members to advise the Secretary of change of address ; and 
from the published list of members it will be seen there are many whase 
names still stand in the list, but of whose present abode the Secretary 
has no knowledge. 
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8 UlSCl'SaiOX — n.\ANCIAI, statkmbnt. 

The PttKSiDEST said it ffaa his privilege to move the adoption of this 
Report, and, in doing so, he would like to make one or two remarks. In 
the first place, he thought tbey would all agree that the Inatitntion was 
to be sincereif congmtnlated upon its financial position, 'lliey began 
Iu8t year with a balunce of £22; they finished the year with a l>alance of 
£316. It was feared, if they remembered, that the increase of subecrip- 
tionfi of uertaiu meiubcra would rather militate againal the Institution, 
and that many would be disposed to resign on account of the increase. 
This was found, however, not t« be tlie case, as, in reality, there had been 
very few resignations, and the increase fur the year in the membersliip, 
after deducting the membeis who had resigned and removed to other 
places, and who were deceased, was 118. They hod now, for an Inatitn- 
tion only five years' old, a grand total of 726 members. He thought 
they would agree with him that this was a very satisfactory state of things, 
and promised well for the fature of the Institution. 

He would recall to their recollection the very satisfactory and inter- 
esting meeting that they had had at Hartlepool. There was only one 
impression of that meeting, that it was altogether most satisfactory, and 
such as could be repeated with great advantage at as early a period as 
possible. Up to the present time they had no positive ofier of a similar 
invitation. It may be that they would be disposed to reciprocate the 
kindness of their friends and invite them over here, and he was sure 
they would Eucord their readiness to that, aa readily as ihey went to 
Hartlepool. 

The visit to the Forth Bridge was an imcloudcd success. 

Let him ui^ upon them the question of the Library and Furnishing 
Fund. The expenditure of this fund altogether amounted to £200, or 
thereabouts, all of which was sniisurilted, with the exception of £25 or 
£;if) for the binding of books, in order to place them perfectly clear to 
begin with. Such an amount should not stand in the way in an Institu- 
tion of this kind. This was a voluntary subscription, and he hoped 
something would be done. He ventured to send a circular out about 
a month ago, to which they had rccci^'cd eight responses amounting 
to £11. He hoped the mciuberahip of the Institntiou would take care 
that this meeting did not get over without that £2h Ix'ing contributed, 
^lany gentlemen cuuld do tt with a single stroke of the pen and cost 
them nest to nothing, and he hoped they would do it for the benefit of 
posterity and the comfort of the present members. 

The Report mentioned the meeting of Graduates. Their President 
and Mr. Hacoll met so many of the Oraduates as turned np at the 
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meeting — only four came — bo there was no hope of forming a Graduate 
section out of four Graduates; but it was his intention to at once take 
such steps as could be taken to have a meeting of the Graduates, in order 
that they might form what he deemed to be this very important section 
of the Institution. Their young men needed all the help they could get, 
and he knew no better than the help to be afforded by such meetings as 
were intended to be held by the Graduate section for the reading and discus- 
sing of papers. He was quite sure they had all felt the benefit of meet- 
ings of this nature in the post, and nothing gave a young man a greater 
advantage than the attempt to write a paper and then to speak upon it, 
or to speak upon a paper read by someone else. In order to acquire 
faciUty in speaking, it was very necessary they should have practice, and 
these meetings would afford the opportunity of obtaining practice in that, 
as he should call it, very valuable art. 

The papers of the last session were of a very satisfactory character. 
He need only allude to the paper read by his friend, Mr. John Price, as 
most valuable and interesting, and calculated to be of great service to 
both old and young members of the Institution, and others, too, notably 
Mr. SivewTight's paper on the Well-deck Ships, and Mr. Bergstrom's. 
He hoped this session they should have a succession of papers of a 
similar character. 

The various modifications in the Constitution and Bye-laws of the In- 
stitution mentioned in the report were found to be very necessary. For 
instance, the question of the increase of the number of Vice-Presidents: 
they felt, seeing they were extending their boundaries, and that Hartle- 
pool was coming in so satisfactorily and earnestly into the Institution, 
it was very important that they ought to have Vice-Presidents from 
that neighbourhood as well as another from Sunderland, and they would 
notice in the reading of the list of Vice-Presidents that Mr. Wm. Gray 
and Mr. Richardson, of Haillepool, and Mr. John Dickinson, of Sunder- 
land, were now Vice-Presidents of this Institution. By this means they 
hoped to extend their influence, and also the usefulness of the Institution 
to its members. 

He need not raise the question of the defalcation of their members 
in not paying up their contributions. It had been so often raised, and it 
did not seem creditable they should have so large a balance of unpaid 
subscriptions. The members who were in arrears, he hoped, would take 
care to forward to the Secretary what was due. With these remarks, he 
begged to move the adoption of the Report. 
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Mr. H. Macoi.l thought a few minutes migbt !« devoted to the 
iIucetioD *if the general Report. They liad an nnimated discuasion at 
Ihu bv^pniiing of lust Bcsaion about tlio raising of the Bubagriptions, nud 
varioiiH siiggestionB were made as to reducing the cost of poBta}i;%, litho- 
graphing, and BO on, and grave doubts were oipreseed as to tlie effect of 
incrawing the Bulaeriptions on the proaperity of the Inatitntion. If the 
membcrB looked throngh the iaat five yeare' Transactioua they would find 
llicy had avcragt-d something like £H'iO per imnnm for lithograph printing, 
engraving, postage, and burIi like charges. This waa quite enough to show 
tli&l with tlio great bulk of the membors paying 10b. Gd. each per annum, 
the Institution never could have been carried on aucceaafully. 

It was to 1)0 hoped that the Ciraduntcs would show up in greater 
iiinnlK'ni. It was, no doubt, rather a difficult question; they were widely 
iH'jittored, and tliu great bulk of them were attending cla^eB, and others 
wore working overtime. Ho waa afraid, until tlie present briskness 
Blacked down a little, they would not make much progress with the 
Unuhmtes. Still, they wore doairous of meeting with thera and seeing 
wlial could ho done in the matter, and a meeting would be called shortly, 

There was lUiothor matter he thought they ought to consider soon ; 
that wns, hitviiig a niOL'tiug or meetings in the Hartlepool district. It 
waa a matttT tliey ought to deal with very soon. If the members did 
not RPt n uieotiug or two in tlie course of the year, thoy would lose touch; 
iind, iw iho trains wore at present arrauged, tliere was no chance of the 
llnrtlojHHjl incmbecB letuing homo itnd getting to Newcastle and bark on 
till! wtmo uvoiiiug. Muotiiigs hold earlier, or on u. Satui-day afternoon, 
would iiiwl. the nwn). If none of the memltera desired to say anything 
ftirlluif, \w had munh plwiauru in seconding the adoption of the Ilcport. 

Tlli> Itt'iMii't wiui cordially rocuived itnd adopted. 



miNAVUlH Til TIIK LrTBtlARY AND PHILOSOPlIlrAL SOCIBTY'w 

UuiLmKa Fund. 

'n»> I'HMIliKN 1' wld hi' had now to move, on liehalf of the Council, 
"Tllft Htv iwrn of (Wi'iity Kuineus be given from the funds of this 
t«»MHHI>ni .(" .1 iliiutitliMi to llm Iluilding Fund of the Literary and 
V'l M il Ni'\vitiiitlu-U|xin.Tyiio." Ho hoped thoy would 

w ■ ■ - MtiiD oMmvi^nuit nil of a sudden, and that because 

il<< < ' li>tml llipy wt'iv trying to got rid of it ns soon as 
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possible. This came fortuitously just at the time of their meeting. They 
were aware the Literary and Philosophical Society had granted them the 
use of their rooms for five years free of charge, and that the society had 
recently been put to very great expense owing to the North-Eastern 
Railway Company wanting part of their ground, and the building being 
found, when touched, falling into decay. They had to go to great 
expense in repairing their roof, so much so that the expense inciu*red had 
far exceeded what the railway company allowed them for what they took. 
They had applied to them and other Institutions^ and also to private aid, 
for contributions for the liquidation of the debt incurred. He begged 
to move that they grant this sum of twenty guineas out of the funds of 
the Institution as a donation. 

Mr. Wm. Boyd said, he had much pleasure in seconding this pro- 
posal, and he did so with some appropnateness. One reason that should 
carry weight with them was this, that one could quite understand the 
society referred to (the Literary and Philosophical) having great 
pleasure in granting them the use of its rooms now that they were 
in full maturity as an important Institution, but he begged to remind 
them that the Literary and Philosophical granted them the use of the 
room without question when they were in their infancy. They might 
never have reached the full manhood of which they could now boast 
that day, but for the encouragement that they received by the use of 
that room five years ago. That encouragement was invaluable to the 
Institution, therefore, he thought, their feelings of gratitude for what 
the Literary and Philosophical did for the Institution in its early days 
should certainly induce them to support most cordially the resolution 
moved by the President. 

The proposal on being put to the meeting was cordially accepted. 



Postponement of Presidential Address. 

The President said it had been the custom of this Institution, as it 
was of most institutions of this kind, that its President should deliver an 
address which would be of some interest to this Institution. Their first 
President, Mr. Boyd, in a very admirable address he delivered in his 
second year of office, said there were three kinds of addresses — the 
historical address, the technical address, and the suggestive address. He 
heard that day that there was another kind of address, and that one of 
the leaders of their public opinion had denominated an addi^ss he had the 
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honour of delivering to them last year as ^'a kind and emotional 
address." He was not going now to give them either the one or the 
other^ but a strictly personal address, and he asked them to bear with 
him in the few seconds he did it. As they were aware — ^many of them 
were aware — he had been undergoing an illness of rather severe and 
painful character for a good many months, consequently he found him- 
self absolutely unable, either mentally or physically, to undertake the 
preparation of any address. In fact such an effort was strictly forbidden, 
and he therefore asked them to excuse the omission on this occasion, and 
he promised them, as soon as he could, to deliver the presidential 
address of the session, which probably would not be very worthy of their 
hearing, but such as it was he would render to them at the fit and proper 
time. He had now to call upon Mr. Macarthy to read his paper. 



Mr. 6. E. Macarthy then read the following paper, entitled " Notes 
on the Surveying and Classification of Shipping." 
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NOTES ON THE SURVEYING AND CLASSIFICATION 

OF SHIPPING. 



Br G. E. MACARTHY. 



[Read before the Institution ly Newcastle-on-Tyne, 

ON October 218T, 1880.1 



• 

The writer will not attempt to deal with this qaestion in a technical 
or scientific manner for the very sufficient reason that he does not 
possess the requisite knowledge. 

Ever since the beginning of the human race, or at least so far as we 
can trace back its history, water has formed an important part in the 
transmigration of peoples and in the transport of their wants. "We read in 
Genesis how the ark was built by Noah. How it was pitched within and 
without. It is rather remarkable that the dimensions of this ark should 
so closely correspond to our latest type of cargo vessels known as ti*ami)8, 
viz. : length 300 cubits, breadth 50 cubits, depth 80 cubits. Taking the 
cubit to be 20 of our inches, and as, no doubt, her coefficient would be 
large, her gross tonnage would be about 18,000 tons, or al)out the size of 
the " Great Eastern." Coming down to later times we find that the 
Phoenicians were the great traders of the world. Hiram, king of Tyre, 
doing good service to Solomon in providing him with material for the 
building of the Temple and other buildings in Jerusalem, and lending 
him sailors for his trading expeditions to India; indeed it is recorded 
that the Phoenicians even found their way to Britain for tin, a great feat 
in navigation in those days. How their ships were built we are unable 
to state, but no doubt they were *' staunch, strong, and in every way 
fitted for the voyage." The Greeks follow, then the Romans, the galleys 
of the latter doing a great part in the work of conquest. The Venetians 
and other Italian republics had their day, then Spain, and lastly England 
became mistress of the seas. 

Of the remote beginning of marine insurance, with which the subject 
of classification is so closely allied, little is known. The Phoenicians, 
Greeks, and other ancient peoples we are told were in the habit of 
guarding themselves against risks of maritime enterprise. ^' Nautical 
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insurance," as Gibbon terms it, was common to the Romans. In the 
Middle Ages it was carried on regularly in the Italian republics, which 
even went so far as to regulate by law the " load line." 

The classification of British shipping appears to have commenced 
about the year 1726. An advertisement in the London Gazette of 18th 
February, 16G8, states that "Ships' Lists" were kept at Lloyd's Coffee 
House, owned by a Mr. Edward Lloyd, and these lists contained the germ 
of the present well known ** Lloyd's Register." The oldest copy of a 
register of shipping in the library of Lloyd's office bears date of 1764. 
This register contains the vessel's name, master, port, tonnage, when 
and where built, owners, class, distinguished by the vowels A, E, I, 0, 
and U, with the letters G (good), M (middling), and B (bad), and date 
of survey. From this has been gradually developed the complete Lloyd's 
Register of to-day with its 100 Al classification downwards, and all its 
various particulars as to outfit, etc. It would take up too much time to 
trace all the various changes that have taken place in this register, but 
" Al at Lloyd's " is a household word. 

The register, it is said, was established by underwriters for their 
sole use. The members were bound under penalties not to communicate 
the contents, or allow the register to be seen by outsiders. In 1798, 
the committee for conducting the affairs consisted of eleven gentlemen, 
who held their meetings at Lloyd's Coffee House. At this time a new 
style of classification was introduced, which being scarcely equitable 
in its operation, ultimately led to the formation of a new register, 
and it is interesting to notice the low estimation in which vessels 
built in the northern ports were held, not only at this time but long 
after. The dissatisfied shipowners, failing to obtain satisfaction, several 
of them started "The New Register Book of Shipping" in 1799, and 
this became known as the "Red Book" or Shipowners' Register, the 
old one being known as the " Green Book " or Underwriters' Register. 

It was not until 1822 that we find any record of a steamship in the 
register — the " James Watt," 294 tons, built at Greenock in 1821, 
and classed Al. The distinction, however, of possessing the first 
practical steamboat was reserved to Lord Dundas, who in 1801 had 
a vessel constructed which towed two loaded vessels 16i miles in six 
hours. The idea was now fairly started, and in 1811 the well-known 
" Comet " was built. Indeed, to such importance had the subject grown 
in 1817, that a committee of the House of Commons sat in that year. 
As a result of their investigations all steamboats were required to be 
registered, and their boilers to be of wrought iron or copper. It would 
thus appear that the committee of the Register Book were far behind 
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the times in admitting steamers to classificatioD. In 1832 the hook 
contained 100 steamers. In 1834 there was a fusion of the two 
n^istcFB, and the rales then underwent considerable alterations. The 
permanent committee was composed of eight merchants, eight ship- 
owners, and eight underwriters, together with the chairman of liloyd's 
and the chairman of the General Shipowners' Society. These gentle- 
men were drawn from the shipping community of London alone, the 
ontports having no direct voice in their choice. To conduct the 
Bun-eys prescribed by the rules of the new committee, a staff of 
surveyors was appointed, numbering sixty-three in all, of whom thirteen 
were exclusively the servants of the society, and these latter were dis- 
tributed in the different ports of the United Kingdom. 

•DiIoIa)! ••• ••• ••• ••• ••• ••■ ^ 

Glasgow and the Clyde ... ... ... ... 1 

IIuU and the Ilumher 2 

Lcith and the Firth of Forth 1 

Liverpool ... ... ... ... ... 2 

London ... ... ... ... ... ... 3 

The Tync ... ... ... ... ... 1 

Sunderland 2 

13 

In 1838 " The Liverpool Register of Shipping " was started, but in 
1844r " Lloyd's " amalgamated with it, giving Livcq)ool a '* branch " 
committee, consisting of twelve members elected by the Liverpool 
Underwriters' and Shipowners' Associations in equal proportions, which 
" branch " exists to this day. 

The first iron steamer entered in Lloyd's Register appears to have 
been the *' Sinus," 180 tons, built in London in 1837, but it is not 
until 1844 that the committee decided to class iron steamers, and in 
1855 the shell plating for vessels of 3,000 tons was required to be one 
inch thick, and the frames to be spaced not more than sixteen inches 
apart. 

Dissatisfaction existed then, and subsequently became so intensified, 
as to the classification and surveying of iron vessels, that in 18G2 was 
established the " Liverpool Underwriters' Registry for Iron Vessels," or 
Red Book," with an influential representative committee, under whose 
roles considerable changes were made in the scantlings as compared with 
Lloyd's. This registry attained considerable success under an efficient 
staff of surveyors, and its classifications were accepted by underwriters, 
shipowners, and merchants as freely as Lloyd's. However, it met the 
fate of its predecessors^ and in 1885 it also was absorbed by its older 
rival, but with this difference, that its distinctive classifications and its 
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sarvcjors were retained ; but there is reason to think that this distinction 
will not have a long life. It will thns be seen that there have been three 
epochs of dual registers followed by amalgamations — ^viz., 1799 to 1834, 
1838 to 1844, and 18G2 to 1885. 

As a result of pi'essure from without, the constitution of Lloyd's 
to-day is as follows, viz. : — 

A Cliainiiaii. 

A Deputy Chainnan. 

A Clioinnaii of Sub-Committoc of Classification. 

21 MemlMsrs vicctcd in London. 

Tho Cliainnan of the Couiuiittec of Lloyd's. 

Tlie Clnurman of the Shiiwwucrs* Society. 

8 Members of the Liverpool Committoe. 





>i 


for Glasgow. 




•« 


,. Greenock. 




•• 


,, Leith District. 




»» 


,, Cardiff District. 




tt 


„ Bristol. 




•» 


,. HuU. 


•» 


»• 


,y Ilartlepool District 


2 


«« 


„ Sunderland. 


3 


•f 


,» Tvne District. 



In all oi> nu'UilKTs, and in addition there is the Liverpool ** branch" 
iHininiittiH.\ consisting now of 17 memlxire (eight of whom are on the 
liondoii ix^innHtiiH'\ and who seem to have a semi-independent action. 
T\w jHTUtanout surveyoi's of the society for the United Kingdom num- 
Utx^l iM for IauuIou, and 94 for all the outports. The accumulated 
c;^Mial and annual ina>mo of the society is not easily ascertainable ; but 
jtuljjitVii l'^'^*"^ ^l^^' alnitomont of about £(»,000 per annum which has been 
^>NVUil\ liranunl in iho survey feus, etc., it must be very considerable. 
Uo\dV Kejiister of 18S8-9 gives classed vessels as follows: — 



UUlTlNll. 



N\» 



Toui». 



Colonial. 



I 
No. ■ Tons. I 



FOBKIUN. 



No. 



. iv.KV* a,sio.a«i ; iw 70,58i|] 703 

' 'I 

liH; iKSI.atft) 68 03,309;! 149 

ji 
..v., ., \,....U t,|S.\ l.TSl.lW kS 13,037.1 156 






f.' V 



vs UWWW 



W^ ss \ 



\ kK^s X^\Vl\n> 132 (?3,5501 



255 



i". I t 



^•;\1.«U ^ii^l 2U»>7 1.272 



Tons. 
985,450 

217,U4 
141,482 



Total. 



No. Tods. 

3,706 4,900,392 

703 1,264,912 

1,689 1,965,671 



10,515 I 97 145,928 

ii : 

140,5621 1,855 I 534,311 
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Next in importance to Llojd*8 Register we have the ^'Bureau 
Veritas,** and the writer will not weary yon with a long history of this 
old society. It was established at Antwerp in the year 1828 nnder the 
modest title of ''Office for Maritime Insurance Information/' and in 
many respects its system of surveying and classification closely resembles 
Lloyd*s. Like the London society it was instituted for the use of under- 
writers, to enable them to estimate the values of the various risks that 
were offered to them. The information furnished by this office, which in 
the following year adopted its present title of "Bureau Veritas," was 
first in the form of a monthly list, but the following year it assnmed its 
present form of an annual "Veritas Register." In 1882 the society was 
removed to Paris, at No. 8, Place de la Bourse, in the same bnilding 
where it now holds its sittings. 

The form of the Veritas Register has been gradually modified to suit 
the times, like its London competitor, to which its niles and classifica- 
tions closely approximate. It seems, however, to have soon obtained a 
much wider and international cliaracter. Indeed, it is said that in some 
of the more distant parts of the globe its certificates of classification are 
better known, and therefore more appreciated than Lloyd's. 

The early liOndon method of classification, and which existed for a 
long time, had the grave defect of being based solely on the age of the 
vessels, an absolutely false principle, and the Bureau Veritas claims the 
merit of discovering and remedying this defect by the adoption of a 
system of classification based upon the actual condition and value of the 
hull and equipment, and it is said that the alterations in Lloyd's Register 
which were adopted after the fusion of 1884 were inspired by the rules of 
the Bureau Veritas. 

About the year 18G7 the Bureau Veritas began to lay down rules for 
the construction of iron vessels and their machinery, and later on the 
conditions relating to mild steel used in marine work, and about 1884 
those relating to the triple and quadruple expansion engines. The 
classifications, as set out by numerals, as 3 8.1.1, 5 0. 1.1, 5/G.2.1, etc., is 
a mode which for clearness commends itself to one's mind as an improve- 
ment upon the Lloyd's system of mixing up vowels and numerals ; the 
code as to trade, such as coasting {petit mpotm/e), European (grand 
capoUi(je\ Atlantic, long voyage Qmig cours), is also useful. 

The surveyors on the staff number 250, distributed in the various 
shipping centres, and are men of experience and quite up to the latest 
novelties in shipbuilding, engines, etc. 
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The Veritas Register for 1889 gi^'es t!ie Rillowiiig entries of cIsiBScd 
veBBels, viz, :~ 





8r«*i(i[(iB. 


SlILTHO TcaiKLR 


T«T*i. 1 


No, 


Ton.. 


1.0 


Ton.. 


No. 


Tool 


Britisli 


no 


176.873 


903 


726.771 


1,013 


903.844 


Oimian 


386 


469.S77 


U46 


567.985 


1,032 


1.037,852 


Fi'ench 


265 


370,520 


1,317 


230,309 


1.613 


609,829 


Ameriran , 


69 


14fl,241 


690 


664,707 


769 


700.948 1 


Vnrioin 


643 


401568 


3.83f) 


1.432,530 


4, .102 


U23A15 ' 
6.176.11 8 


TotnlK 


1,373 


l.e57.7rfl 


8.345 


3.622.311 


fl.718 



The nationalities represented nunilwr over thirty-three. British 
tonnage heads the list with sailing vessels, and stands thin! In steam. 
Oermanj is firet in steam, and third in saihng vessels. 

There are many other registers extant, but it is needless to name 
tlicra as they are almost entii^ly of a iocai character. For many of the 
foregoing statements and figures, I am indebted t/i the Annnln of 
Ltoyd's Rfgislei; puWiohed in 1684, in commemoration of the jubilee 
of that society, a copy of which is in the library of onr Institution, and 
to the regitters named. 

The object of the writer in bringing this subject befiire the Institu- 
tion is a desire to elicit it« opinion as to the practicability of estabiishiug 
B " Korth-East Coast Register of Shipping," and, if practicable, whether 
such a register would benefit the shipping interest of our districL, 

111 Biimming up these remarks the writer wishes it to be understood, 
in the first place, that he distrusts monopolies, Lloyd's monopoly is in 
many respects olijcctionable. It is slow, nncerlain, and very costly in 
its working. Its surveyors, no doubt, arc men of ability and intelli- 
gence, hilt in matters of any importance they ba^'e no power, reference 
must be to a committee sitting in London (many say it is a one man 
committee). Take, for iiiNtance, the potruleiim tank steamer question. 
How difficult must have been the task uf the shipowner, shipbuilder, and 
engineer before they worked the oracle at White Lion Court. Then 
take the well-deck steamer question, and note at what cost of time and 
labour, journeying to and fro, and petitioning, these aoieutlsta were 
instrnc'ed as to what was a safe load-line, and tlien imagine the sira- 
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plicity of dealing with a registry located at our shipjanl d(X>rs. Take 
now a much smaller matter. A. steamer known to be thoroughly 
stamich and extra strong (she was proved so in the sequel) required a 
periodical survey. The surveyor, acting honestly on the letter of his 
instructions, ordered every stick of wood ceiling, etc., out of her ; vessel 
to be cleared of everything to the bare iron ; holes to be drilled until 
the entire hull would have been riddled like a sieve ; then these holes 
were to be gauged ; plans submitted to the committee, who would 
examine same and state what next would be required. Aghast, the 
owner asked how long they would detain the steamer, and was informed 
that five or six weeks might end the business. In desperation the owner 
withdrew her and classed her in Veritas Register, obtaining her original 
highest Al class, completing the work in seven days. Had a committee 
been sitting in Newcastle this matter would have been settled in 
twenty-four hours or less. 

Taking the tonnage built during the last twenty-five years in the 
ports of the Tyne, Weiir, and Tecs, calcniated by the excellent statistical 
diagram prepared by the Council of our Institution in May, 1888, it will 
far exceed six million tons. The value insured in the same area by local 
mutual and other insurance bodies, having under their orders an excel- 
lent staff of surveyors, amounts to more than twelve million pounds 
sterling per annum. May we not therefore put the question — Are there 
not here the elements of a successful North-East Coast Shipping Registry ? 



DISCUSSION. 

The President said, Mr. Macarthy, one of the Associates of thd 
Institution, had brought before them a very important subject. They 
were extremely obliged to him for doing so. They had often sought the 
assistance, or rather the interest, of their outside friends, especially of their 
Associates, in giving them papers, and here Mr. Macarthy had given them 
one of an important practical character. He raised the question — " Is a 
North-East Coast Register of Shipping desirable or necessary ?" It was 
not for him (the President) at this period of the discussion to guide their 
thoughts on a subject of this nature. Largely, it was a question for ship- 
owners. They had some shipowners there that night, as well as practical 
shipbuilders and engineers, and they had, besides, a gentleman whom he 
was extremely pleased to see — his friend Mr. Martcll, of Lloyd's, London 
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— ftiid be trusted he wonld fnvonr them with hU views on this subject nt 
a fitting part of the discussion. He migbt say that it would not be in 
their power to close tiie diacusaion that niglit. It was one of the bye- 
laws of this lastitution that a discussion must stand adjourned till the 
following mectiog. Therefore, they would be very glad to hear, till ten 
o'clock, the views of tnembera aud other gentleuieu present, and he hoped 
that whatever they might feel, however wnrmly tliey might feel it, they 
would discuss this very important and knotty" ([uestion with candour, 
gentleraanlinesB, aud good feeling. He begged to call upon Mr. Wigham 
Kiehardson to open tlie diBciission. 

Mr. AVioHAM Rii'iriiiDSON said that, as their President had pointed 
out, the itn[Kirtant pirt of the paper was in the last paragraph, viz., 
whether it was ]>08sible to establish an inde{)cndent registry fur the classi- 
ficatioQ of sliijts ? Their President had also remarked that it was mainly 
a question for shipowners. Speaking as a shipbuilder this remark 
commended itself to his linmble view, whaiever the shipowners might 
choose to do with their property, it was for them to say, and not for the 
cuntractorB who built them. But whatever registry, whatever classilica- 
tion the owners assigned to their ships, they as shipbuilders would be 
glad to second their efforts, and do everything they could to try and keep 
up the (juality of the sliijis. There was one point that it seemed to hira 
had l>een missed in the valuable work which Mr. Maairthy had alluded 
to — the Aiiaiih of Lloyd'n Reffinhr. The title whh a modest one — it 
spoke merely of lieing the Aniiala of Lloi/tPs Reyisti'r. He had tbonght 
sometimes that the compilers of that work might have gone further and 
given tlioai some history of what he might will "Inspection." Ship- 
owners had been anxious not only to have their ships classed and a good 
character given to them, but they had also been anxious to clear themselves 
of res|>onsibility. In the same way, the shipbuilders had been anxions to 
clear themscli'es of i-esponsibility. They wished to be able to say — 
Laving built our ships to the owners' direction and to the best of onr 
ability, we have no further responsibility in the matter. This feeling of 
getting rid of responsibility seemed to be taking wider and wider stejH 
every year. They had always seen it grow more active when there was some 
special legislation, such as the Plimsfjll legislation, which has resulted, as is 
well known, in a great extension of protection and indemnity associations. 
Wlien there was legislation a few years ago throwing responsibility on em- 
ployers, straightway there sprang np employers' Habili ty asftociatious, 
the employers joined simply to get rid of their responsibility. In 
same way he might instance the inspection of Ujilers jiaid fur by owners 
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of boilere to get rid of responsibility. Whether this after all led to the 
higher walks of shipbuilding or shipowning perhaps it was not necessary 
to discQSS. It was evident that that society would have the Ix^t chance of 
support which had the highest prestige, and which kept up the (|nality of 
the vessel which it admitted to its registry. It would also be strengthened 
by widening in every possible way the basis on which it rested. He 
thought for his own part, that the difficulty of starting a new registry 
would be very great indeed. He did not think it would be wise for 
Mr. Hacarthy or any other gentleman to contemplate such a thing. 
They should not lose sight of the fact that they had now in existence two 
societies — Lloyd's Society and Bureau Veritas Society — with a long and 
honourable history, and governed by bodies certainly anxious to meet the 
wishes of everyone connected with them, and anxious to do right. No 
doubt there was a great deal of conservatism connected with tiiem — with 
both of the societies — perhaps as much with their friends in Ijondon as any- 
where else, they were a very conservative body; l)ut he was sure Lloyd's 
would be glad to have any support or expression of opinion that would 
help them to move forward in the path of progress. If he had spoken 
of the two objects of classification — the one to give a character to the 
ship and the other to get rid of responsibility, he might also say, that 
in his opinion, and he spoke of Lloyd's and also Veritas, that they 
had two separate functions, and it was in this, the dividing of these two 
functions, that the greatest mistake had been made. One function of 
Lloyd's Committee in London was to assign the character of the ship and 
to see to the general administration of the society, the other was the 
framing of the rules on which those ships would be built, and he thought 
in the latter part they had gone very far wrong. They had arrived at 
their present rules by a system of adoption from sliips actually built. 
It had always seemed to him that if Lloyd's had called upon shipbuilders 
to frame rules for construction, in fact to take up their functions entirely 
they would have saved themselves much trouble and strengthened the 
society. He did nob think that Lloyd's imagined that the shipbuilders 
would have done anything to lessen the quality of the shi{is and he was 
certain they were aware that diversities of opinion existed among ship- 
builders as to how these rules could be framed; but this much seemed 
to him clear, that many questions which had since been arrived at in a 
roundabout way — the load-line for instance — would never have got into 
the muddle it did had the framing of the rules been left to the shipbuilders. 
The deplorable agitation, too, of Mr. PlimsoU would have been avoided 
if vessels had been treated in the way done by shipbuilders many years 
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before Lloyd's trtated thtm. Both the late Mr. 'WiHTam Denny and 
Mr. Robert Duncuii, of Glasgow, pointed out that thejr would never 
gel any true basis of the ecaDtlingB of ehips uak-ss they based them opon 
a part of the ship that might be measured up to the water-Iiue, and if 
they had done that, it would have solved the load-line many years ago 
and saved mutli heartburaing. The Bureau Veritas bad been mentioned 
with praise by Mr. Macarthy, and he should like to be allowed to say 
Boinetbiiig himself iu praise of it. Tliey, shipbuilders in England, bad 
received a large number of foreign oi-ders for building ships for foreign 
shipowners. It was a vei^ valuable part of their business, caixicd on with 
satisfaction to both parties; and some sbi|K)wnerB abroad seemed to have 
greater confidence in tlie International Biu-ean Veritta than in the Englisli 
classification. Personally, he thought they might hare equal conhdence 
in Lloyd's, but as a matter of fact some of their foreign friends did not 
think BO. Veritas, he had heard it said, wlien recently abroad, always 
based its rules on ecientitic principles, and were not swayed by outside 
influences and the fear of competition, us some other societies had been. 
At any rate, some foreign shipowners bad greater confidence in the 
YerituH, and when shipbuilders derived such benefits from abroad in the 
way of oitlers, there was a good reason for giving all the assistance in 
their jxiwer. He understood that the Veritas considei-ed it did not get 
fairly treated by the English Government, and that English bnildui? 
should step forward and assist it, if they had any iufluence, to see tliut 
fairplay was duuc. Une complaint Mr. Maciirthy made was really a com* 
plaint not in any way against the character of Lloyd's Uegistry, bnt 
against ccnti-alisation, and that was a very serious complaint. If the 
committee who had to do with the constructiou of the ships were situated 
amongst themselves instead of in London, and were in touch with the 
people bnilding the ships, it would be a very great improvement. He 
(Mr, Eichardsouj euqnired of one of their staff, before be cunic away, if 
he could give him any suggestions? He said, " If you can do anything 
to atop delays it would be a great thing." It came about in this way. If 
they were proposing anything dift'erent from the rules, if they would just 
take an expi-ess train up to London, and go and see the sarveyors, and 
talk it over with them, t.hey would probably have the thing settled satis- 
factorily in a very short time ; but it was not always easy to take an 
cxpres up to London, or feasible to do it, and he remarked that going 

thi'oiigh the regular mdl, aa it were, look time 

Mr. Boyd — I rise to order. No one wishes to interrupt Mr. Kiuhard- 
80Q, but 1 cannot help putting it to him whether be haa not e^iceoded 
the bin minuten' rule ? 
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Mr. SiCHABDSON said he always felt nneasy lest his remarks should 
be too long, but could not see any clock. He would be glad if some 
other gentleman would go into more detail on a subject with which they 
are better acquainted. 

The President — Mr. Richardson may extend his remarks upon 
examination in the proof. 

[Mr. Bichardson has written to say that he meant in his interrupted 
remarks to allade to the large income of Lloyd's, which is understood to 
be mainly derived from the fees paid by shipbuilders, and that this con- 
stitntes a claim that the society should meet the views of its largest 
financial supporters, and place the centres of the technical work and of 
sarveying close to and in touch with the building yards and engine 
works. There was the further question of taxation and representation 
(which had been well treated by others), but in no case did he think that 
the mere amount of underwriting had inuch to do with what he urged 
and begged to repeat, viz., that the framing of the rules for building 
ships was a function that could best be exercised by the naval architect, 
that is by him whose daily work is to design, and that it should neither 
be left to underwriters, nor to shipowners, nor to merchants, nor even to 
surveyors, as surveyors, although many of the staff at Lloyd's might be 
fully competent to handle the question. Also that it is due to the shi})- 
bnilders, and only consonant with the spirit of the age, to give them every 
despatch in considering and passing plans, and this can only be done by 
delegating the fullest powers to a committee either of rejircsentatives or 
of sur\'eyor8 who shall have their place of meeting close to the building 
establishments.] 

Mr. Arthur Cootb said, he did not understand from the reading of 
the paper that there was any intention on the part of the writer to call 
in question the merits or demerits of the rules a« to scantlings which had 
recently been issued by Lloyd's Classification Committee. Indeed, he 
gathered that he (Mr. Macarthy) did not attempt to deal with, or give 
any opinion upon Lloyd's rules, or those of the Bureau Veritas — 
both modified to suit the times. The question asked was — Would a 
North-East Coast Register of Shipping be beneficial to the district ? and 
the chief cause of complaint against the existing state of affairs was, that 
Lloyd's Register is a big monopoly, and is moved too slowly. On 
these objections he had a few words to say. It was very generally 
admitted that a monarchical form of government — a one man rule — 
would be the best form of government, provided you could always get a 
perfect monarch or a perfect man. When, however^ the impossibiUty of 
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attoining this iviis concedihl, tliey did not tlicreiipoii eplit up the couutry 
into stuftller parts, but they united the whole by electing fi'om all parts 
direct representativeB, and when tliese were asaeinbled the monnrchy was 
constituted ; and us a constitutional monarohy they believed that this 
country was the licat governed of any country in the worlil. In this 
district they had the North-Eastern Railway Company, which was a great 
monopoly, but it was largely admitted that it was i-ery questionable if 
the people of this district would be bett<;r served were this monopoly 
seriously interfereii with. At prt'scut it was fairly remuueratiye as an 
invcatmuut, and having on ils lioaid a number of the best men from 
amongst them ; these, aided by the pressure that public opinion was able 
to bring to liear on its organisation, resulted in their having a system 
that was well managed, and on Lho whole gave very general satisfaction, 
■Well-established governmentB, as also powerful societies and public com- 
panies, had vested in them great responsibilities, and by necessity there- 
fore it fnlltjwed that they were slow to move ; but in this age of extended 
and extending intelligence, the tendency was to move too fast rather than 
not fast enough, and it would be in his opiuion a distinct disadvantage 
were they to insist on their Government or their societies or their 
public companies that their fixed or leading principle should be to move 
quickly. Lloyd's Society was undoubtedly a most powerful institution. 
He believed it to be a power for much good. That they, who represented 
so largely the shipbuilding and engineering industry, were not more 
largely directly represented on tbcir committee was to a very great 
extent their own fault, and he would recommend that this fault be 
remedied in any poesible way, rather than that any attempt be made 
to establish a North-Easi Coast Registry of their ow-u. 

Mr. John Pbicb really thought they had not got on to the right 
line in the discussion, He did intend to have sat sometime longer, 
but be felt that the paper required criticism, and esordiums upon 
general principles did not quite meet the case, and he (.Mr. Price) 
was not disjwsed to let Mr. Macarthy off so easily. Tlie writer of 
the paper told them to begin with, that be had neither the know- 
ledge technically nor scientifically to express an opinion upon this 
important subject, and yet he told thera in almost the last Hne, that 
" had a committee been sitting in Newcastle this matter," which was 
the eras of the whole question, '* would have been settled in twenty-fonr 
hours." How did he know that ? Well, he (Mr. Price) considered 
that this was an unfortunate kind of paper. He had had occasion to 
stand there some years ago and have it objected to him that a paper he 



DI3CUSSI0K— SUKVETrXG iSO TM-SSIFICATIOS. 25 

produced waa not like previous papers, by a \ery old hand iu the 
Mechanical Engineers' Institntion, and he felt very ranch the weight 
or it; bat it was, however, quite pertinent to the disoiisaion of ntcel 
as a material for shiplniildin^. He felt, therefore, aome sympathy 
with Mr. ^lacnrthy, when he Sitid this whs the timt ]iftpcr he ever 
knew that pot the irhole subject to the meeting for disciiaeion for his 
special infoimation and the class he represented. Now, they were not 
public adriaerE on questions of this kind. At the satne time, he (Mr. 
Price) thought it might be considered iil-manners to refuse to deal with 
such a aahjed when bronght before thera in this way, ulthongh the only 
question submitted to public discourse was one on which the writer 
gave ihem no opinion whatever of his own upon it, and told them at 
the outset that he w.is unqiinlifiod to do so. It was quit« an originid idcii 
altogether; but this might prove a very iut«reBting and very important 
discussion from two different aspects. If they were to go back histori- 
cally to their varied experiences it would be more lively than inalrnctive; 
bnl if they reviewed the position in which the shipowning and ship- 
building community stood to each other at the present day it would he 
found to be unique and singular in very many important respecta. lie 
wonld now deal with the question for a moment as to whether a registry 
was practicable, and he began by saying it was nut, and lay down two 
principles which governed the demands for justice in limes past. There 
had always been some great violation of a principle or some great alleged 
want in their efl'eetive and intelligent administration. If they went 
back twenty-five years the iron shipbuilding was in its infancy. At 
Liverpool they luse against the principle on which Lloyd's (?) based the 
scantling of iron vessels. They dealt with a ship as a box instead of 
as a girder of any length, breadth, depth, or any variation of these 
dimensions. Well, this was fairly assailable gmuud. On the other 
hand, tliey had to say " Tour administration is (hulty ; you deal out a 
class or character that is no indication of the value of a vessel." There 
was on this point a very long and seveie contention — he meant a con- 
flict of opinion, perfectly intelligible, with no personality involved — and 
they knew that us the result either of that early contest or growth of 
intelligence, and the widening of ideas in their relation to the whole 
question, both these principles were intelligently considered and largely 
dealt with. The basis upon which a ship was built to-day was largely 
that of a girder, nt the same time, it vias dealt with as a vessel whose 
form was of very material consequence as an element in determining 
her strength as a girder, and in relation to the element in whidi she 
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had Lo sn-iin. And then iu regard to thu dassifioatioii of the vesaers 
chanieter nnA the general ailmiDistnition nf I^loyd's ; they knew they 
could not get a more perfect expression of unity than 100. He iniifit 
tell them that all throush the conteutiouB period the people who dealt 
with these matters felt this difficulty, and he might nay now as a matter 
of fact, that those who had given most conaideratioD to the tiubject were 
convinced that the unity was the proper form in which to espreas the 
durability of a ship, and the opponents of Lloyd's hod their feet cut from 
them by tilts action of Lloyd's, The resolution to adopt "Ion" as tho 
Bymliol for indicating the value of the iron and steel shiiis was a roufi 
and the vevy finest stroke delivered to their opponents. At the itame 
time, it expressed, what everyone then connected with shipbuildinj; and 
ahipowniiig was uumpelled to admit, a foi-m of unity by a symbol which 
could not very well he improved upon. Xow, to-day what lind they to 
(Kimplain of in Lloyd's ? He (Mr. Price) could not agree with Mr. 
Macarthy iu his example of the jtetroloum ship. He could not have 
given them n more untbrtunate iilustmtion in support of his contention 
that Lloyd's were slow to more, for he must say he was aatoniahed with 
the readiness, the instantanoousnosa with which their proposals were 
accepted by Lloyd's. He (Mr. Price) did not think he ever passed a 
ship through with more complete satisfaction as to the pleasantness of 
intercourse and rapidity of decision come to. Now, with regard to the 
ajKwryphal ship, for he had hoard of it for the Inst twenty-five years, 
being riddled with riiet holes, Lloyd's never asked for more than one 
hole in one plate, aud when they considered that there were more than 
300 holes in one plate for securing it in its place, what complaint coidd 
owners have to one hole more in an old vessel to ascertain tho thickness? 
He would only recall to mind in passing, shipowners depended, upon ship- 
builders largely for their advice, and were led by them when they took 
an intelligent view of any constructive matter ; but here they were left 
to guess as to what was the complaint shipowners had against Lloyd's. 
They talked about a monopoly — they could not always do without them, 
and Mr. Millmrn, as a Tyne reprcseutative on Lloyd's Committee, did 
his best to make use of that monopoly in London in the interest of ship- 
owners, and there was nothing less assailable than that aspect of the 
ijueBtion. There was one thing be would say of Lloyd's, They know 
what constituted the basis on which they rested for support, viz. ; —the 
intelligent and willing support of wliat he should call " their customers ! " 
When they began the Liverpool Registry, Lloyd's Committee and their 
friends had not recognised this— they thought their inherent strength 
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and their prestige safficient U* siippi»rt tbeu — but he (Mr. Price) suid 
advisedlj, and his friend Mr. Martell would not object to it, the Liver- 
pool Committee and staff made them feel they rested upon a more 
popnlar support which was at last frankly admitted, and now they wanteil 
to have this basis a little more widelv extended. lict it not be siiid that 
ships were built by shipowners and underwriters, and merchants, 
who know nothing of the principles of construction, and those who 
only know how to construct the vessel were excluded. The shijv 
bnilders and the engineer with their extended knowledge and wide 
experience would he of essential use and need to the committee^ now 
that engineers and shipbuilders were all scientists from youth, and the 
sailing Tcssel and steamer hud invaded their province. What they 
wanted was to have Lloyd's wisely infused with that element, by which 
the constmction of ships was alone understood, and he thought they 
would prevent the elements from clashing. They would, that was to 
say, exclude errors from the construction of a ship and Imd administni- 
tion in the conduct of the society. 

Mr. B. Martell (of Lloyd's), at the Invitation of the President, 
next addressed the Institution. He thanked the President for allowing 
him to make a few remarks on that occasion, seeing he was not u 
member of the Institution. Although he had not been present before 
when papers were read and discussed, he had read with the greatest 
interest and benefit the addresses of the President and his predecessors 
in the chair. The papers, too, which had been read by some of the 
members, had been to him replete with interest and benefit, and it was a 
great pleasure now to l)e able to ofler his thanks to the Institution for 
the very excellent papers produced. The opinion he thus expressed was 
endorsed by the members of that older institution, the Institution of 
Naval Architects, of which many present were meml)ers. Having said 
BO much he would now apply himself to this paper. He should not take 
up their time by any remarks upon the main body of the i>aper, bectiuse, 
he might say. it was ancient history, which most of them had read 
before. He quite saw whei*e Mr. Macarthy had deviated from the work 
out of which he had got his information, and regretted very much if he 
were traducing him when he said that there was in it an animus 
depreciating the Society of Lloyd's Institute in comparison with other 
register societies he referred to. However, that might be let pass, as 
it did not matter much. He only regretted that there was not more in 
this paper, similar to those he had referred to and read by many members 
of this Institution, where the purport of it could be discussed from a 
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HcicntiRc point of view. Of course there was nothing in the main body 
of the pnper U> disciisa ; but seeing that, he Hnpposed liiat they must be 
thunkful for small mercies, as altliongh there wbs nothing to discues, be 
was only glad to think that it had afforded him the opportunity of 
ooming theiv and availing himself of their kindness to say a few words 
in order to rectify, if possible, the misapprehensions, and he might go to 
the extent of saying mtsrepresent^tions, made in this paper, and on 
other occasions in this luaility, affecting the insbitation he had the 

honour to serve. In the iirst place 

Mr. Kdward Eccles— Excuse me interrupting, but it is scai-cely 
right of Mr. Murtell intei-posing at this point of the discussion. It 
would be Fairer, after this discussion was concluded, to nllow Mr. 
Martcll to reply. I do not think it is right to allovr Mr. Martcll to 
iubeiferc at this point. 

The Pkbsidbnt — We are under an obligation to Mr. Murtell for 
luvviug come at all. He must lejive tliia evening, und I asked him to 
say a few words, and we shall bo veiy glad to hear what he hiis to 
say. 

Mr. Martkll said he regretted very much to have to rise at an 
improper time, He felt the inconvenience of it, for it would be better 
for him to sit and listen to what every one hod to say, and then make 
his remarks, but it was impossible for the time at his disposal. In the 
firetplaa^ Mr, Macarthy stiid he distrusted monopolies. Of coui«j, they 
all distmsted monopolies, and liked fair competition ; but what was 
material was to get the proper meaning of the word. He did not think 
it applied to Lloyd's Register. It was a committee composed of various 
representatives Irnm all the great porta of the country. For the Tyne 
alone they had three representatives, representing the shi]>owning interest 
in Ihe district, one of whom {Mr. J. Milbuni) he had great pleasure in 
seeing present ; and very good representatives ho conld tell them they 
were. Whether the number was sufficient he was not competent to say, 
that was not for him tfl deal with ; but a representative committee, 
composed of members from the various ports, and brought into con- 
nection with Lloyd's Register, was uot a monopoly, How eonld it be 
when it had a competitive society — the Bnrean Veritas — having idl these 
ships clatsed in their books, as was told by Mr. Macarthy; and shipowners 
were as fi-ec to go to it as to Lloyd's Register ? How conld it be n 
monopoly when freedom was left to the shipowners to class their ships 
where they liked, and where they were fairly represented in Lloyd'p 
Ri'gister ? This merely by the way Now, as to what Mr. Macurthy 
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said, and they could tbink what they liked about it, he (Mr. Martcll) 
SDriuiBed there was Bamcthing, ha could not tell what, behind the Gcciiee. 
JTakf, fiir instauce, the petroleum tauk question with wliich Llojd'a 
dealt. Now, he should like to say, Mr. Macarthy, perhaps, did not know 
it, that in 1872 Lloyd's Register had placed before them drawings for 
two ur three ships of alxiut .t.OUO tons to carry oil in bulk, and those 
were very raaguilicent ships. He (Mr. Murtell) was consulted first, 
k^owiI^; the thiiii'iuau of the company especially, and likewise tlie 
builders ; and those ships were built as well as any ship could possibly Ije 
built by Messrs. Palmer & Co., and bad trade not altered, so that the 
owneia thonght it better to put them in some other trade, it would have 
been found that no steamers had becu constructed to carry out the work 
intended more efficiently than those ships. He had taken a great 
personal iutei'CBt in this matter from the very first. Talk almtit atisimcrs 
carrying petroleum in bulk ! He thought ho had a witness present he 
conld call on, a gentleman — he did not know if they knew him — Sir. 
Marvin, a great authority on the peti-olcura bnsiness. He (Mr. 
Majtell) took such an interest tbut he collected all the information he 
conld bearing ti|K)n this great 'luestion — the carrying of petroleum in bulk 
rather than in casks— and embodied at in a paper, and read it at tlie 
Institution of Na\'al Architects at Liverpool. He felt it a very high 
compliment when on that occasion Mr. Marvin expressed bis thanks on 
bis taking npon himself to bring this great question before the public. 
He had expressed himself to the elfcct that be would do all be could tu 
introdace to siii|>owners the carrying of petroleum in bulk, and do what 
he TOiild as proferaional adviser of Lloyd's Committee ; in short, tukini^ 
the matter up. as they did immediately, he could nut sec how they 
conld call it " obstruct! veness," holding them up to reproach and almost 
ridicnle in regard to this jjetrolcum-carrying question. He (Mr, Martellj 
objected to such misreprescnliitionB being put forward, and he regretted 
very much to say it was not the first, second, or third time in this locality 
where theai- miarepresentjitions had been put forward, and he thought 
they would agree with him that he must really express the opinion he 
oould not help thinking, after such persistency — making these misleading 
statements, time after time, in this locality — there must be some sinister 
influence at band that gave rise to this, and he hoped if it was so the 
eipbination he made of the interest Lloyd's Itegister had taken in this 
(piestion, would cimse the pereistent misrepresentation of Lloyd's action 
with reference to thcao ships to ceaac. Now, with regard to the well- 
deck steamers. 'What was the condition of the loading of steamers before 
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Lloyd's Register took the question up ? How were they treut4xl by the . 
Government ? How coerced every way, and prevented sailing their shijw 
properly ? Not until Lloyd's took the qnestion Qp, and put forward the 
load-line tables, framed on a scientifio Imsia 

The President — I don't want to stop Mr. Martell if it is your 
pleasure that he should go on. 

Mr. PiucE — I should move that Mr. Martell be allowed to finisli his 
obseiTationa, 

The Peesident — I ttike it to be your pleasure Mr. Marteil should be 
allowed to proceed. 

Mr. Maiitell (continuing) said he was grateful to the President and 
Mr. Price for registering it, for he looked at Lloyd's Registry Society as 
being on its defence before the public, H they would allow him to say 
a. few words in explanation he should be exceedingly pleased. Tn regard 
to this load-line cjitestion, it was not until Lloyd's and those who 
understood the question thoroughly took it up that anything was done. 
He could understand Mr. Mncarthy less when he said he did not nnder- 
stand it; but if he did not understand it why put forward statements like • 
this ? If Mr. Macarthy would take the trouble of coming to his office 
be should he delighted to show him the real honest work which had to be 
done before those things were accomplished. They were no child's play. 
He (Mr. Macarthy) seemed to think it a matter of the greatest simplicity 
dealing with this question of loading ; he could, however, assure him it 
was not such a sim])le question, butn very complex ijuestion, indeed one 
of the most dillicitlt and complex questions scientific men, had to deal 
with, and with the best scieatific and technical knowledge to guide them. 
Shipowiiera were appealed to, and helped greatly in bringing this question 
to maturity. He should like to ask Mr. Macarthy how much information 
he gave in bringing this to maturity ? Now that they had succeeded in 
having a load-line placed «ixin the ship, and relieved them from all 
responsibility, and from i-oercion of any kind, for a sihipowner to stand np 
and reproach Lloyd's Register, ho should say to him like Ccesar to 
Brutus — El hi, Bi^le .' Now, here was another case — he wished he hud 
Ik hundred cases of this kind to reply to, strong cases of this kind put 
before the public in the manner this was done. He (Mr. Martell) could 
coQgratulato Mr Macarthy on this one point, and it was tlie only thing 
he conld congratulate him upon in this paper — he was fortunate enough to 
get the Oouncil of this great and acientitic Institution to allow him an 
opportiinily of coming forward there and reading a paper of this kind. 
Now, Mr. Macarthy rulnicd about a stainier — it would have been iHittor 
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and more honest if he had told them it was a steamer uf his own — whkh, 
he might say, being nearly thirty years old, required very oirefnl examina- 
tion. This ship required to be detained from five to six weeks^ for work 
that might have been done in seven days. Pctssibly this misrht l>o so. or 
even an hour if a man could look through the plates and set- the e^judiiion 
inside. He was sorry to say it, but he must make use of strong words : 
it was a garbled, and not a truthful account. 

Hr. Macabthy (rising) — I appeal to the chairman. 

Mr. Mart£LL said he did not come there without making mrist care- 
ful enquiries. He was not accustomed to make statements before the 
public he was not prepared to defend and expound. It was staUd there 
that the surveyor told the owner of the ship it would take al>jut five or 
six weeks to be done. He was quite prepared to prove that there was no 
surveyor in their society ever said anything of the kind. 

Mr. Price — I would suggest, out of respect for our usual decorum, 
that Mr. Martell should not go through the details of the case, but state 
generally whether he concurs with it or not. 

Mr. NiCHOii — I think the arguments might be put forward in a 
straightforward manner, without tiying to make ridiculous the reader of 
the paper. 

Mr. Martell — Might he be allowed to say that in the paper Lloyd's 
Society was held up to ridicule and contempt. They must allow u little 
freedom in his endeavouring to explain their conduct and that of their 
servants in the matter. That account he did not agree with in any shaixj 
or form. If he might be induced to put the statement before the puljlic, 
he slionld put it in a very different manner from that in the paper. He 
(Mr. Macarthy) professed to call the attention of the public to the 
question whether it would be advisable to found a register of shipping in 
this district. As had Ixjen properly said, this was not his business — it 
was a shipowners' question, and he might be allowed to say further that 
the main argument, the only argument, for doing this was that the value of 
the assurance here amounted to twelve millions ix)unds sterling, and it was 
a very fair argument for the advice given in establishing the proposition 
put forward. He might say that when the last statistics were taken, two 
or three years ago, and in making the statement he tliought every one 
knowing him would know that he would be the last to disparage the 
North- Bast Coast — he had lived there and knew the energy of the people, 
and that they were the most enterprising and successful shipowners in 
the world, and what he was going to say was not in any way to disparage 
the port; but he wanted to show them that the value of twelve millions 
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iteriisg SBi a mere Be»>liite ! — aben tfccR ^"V^" wen uken « 
jnn ago the amoant of inMnaoe ^fcctcd is Loodoo mth ftSoO.wu.OUO Ij 

Xr. Puci— In Ifae jev? 

Hr. lUsTSLL— At ofK tiine: tbe 

Mr. PftiCK — PoUdn nmning? 

Hr: ILuTSU. — £600,000,000 in potidcs ntsniiig: Lm 
£l»t,000,uuO : GIm^w. £50,000,000. On the XorUi-EMt Co«t il 
aiDouiited to jEli/tuo.OuO. Ur. Uacarth^ rw quite ri^ in that. 

Ur. Pbice— Wookl the Nocth-Eatt Coaat not refer to halbalone^' 
■nd Loodoo (o ball* and cargoes ? 

Mr. MiLBDRS— The figures were really £1C00U.000. and referred 
tu hulls and erciTthing. 

Ur. Mabtxll (contiiiaiog) said, if ihe Lirerpool Begistry, based on 
broad principles and conducted m it wa» hy meo of the liigbest intelli- 
gence, and Itaviug in tlie IucbUIv insnRince to the extent of twehe times 
as much as in ttiis locality — £18u,00li,0uu — if after niniiing wme years 
they found it was wise to oo-uperate wiih Lloyd's R^igtry Society and 
give ap tlieir very book, he LLoti<^t that spoke a great deal as hi what 
would be tlie proliable success of a separate registry in this locality. 
However, be expressed hiniself rather freely, and if be hiid suid anything 
to ofKind Mr. Uucarthy's feelii^, he (Mr. Martell) must apologise: 
bnl when he saw here that the bead and body tif this paper was furmod 
by information actually supplied by Lloyd's Registry, and that that was 
supplied ftir the purpose of appending this very stinging tail, they would 
foi^ivc hini if be felt that it was ratber eruel upou Lloyd's. They little 
thought in famishing that infoi-mation it was going to be used for sudt 
a purpose, as the weapon to strike themselves down. It reminded him 
of tlie words of the poet : — 

" Lo the strucL engle stretcheil upon the jiUiQ, 
Ko more thro' rollinsr clouils to soar again, 
ViewfHl bis »wn fcnthcr on the fatal dart, 
Tliut winsei] Ihs shaft that quivcrcil in his henrt : 
Keen wrcru hU pangi, but kccoct far to feci, 
He nur«u>l the pinion that i[n|)cllud the steel: 
While the ttme iilumafce that hnil wanned his nest, 
Dmnk thi' Iivsl ti(CHlr(i[.9 of his bleeding brensl." 
lU iMr, Mart*'ll) could only conclude by merely saying, in his opinion 
l*l»iandly, lift thought so long as Lloyd's Registry Society was conducted 
tu Um mHiuier it was, with that single-mindedness nnd determination 
U> iHlvtO>i^nl hU lti« interests entrusted to it; aud its officers wei-e men 
<4 imogrily ami iiwu vfho wnderatooil llipir business; and that they were, 
W W4M lurv. bit tx'uUl ap)«al to sbipownei's and shipbuilders present, and 
iu M)>lVwuu{ a» ti|tintiu> they would not, as Mr. Macartby, "damn them 
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with faint praise** — he had confidence that so long as Lloyd's Society 
was conducted in that way, he did not think they need fear the advocacy 
put forward in this paper— to form a competitive registry in this 
locality. 

Mr. Hknby F. Swan said he had not intended to take any part in 
this discussion, but as tank steamers had come rather prominently into it 
he desired to say a few words. From a remark made by Mr. Martell he 
feared the latter had an impression with regard to the expression Mr. 
Macarthy used about tank steamers, seeing how largely they were 
identified with them, that they might, perhaps, have had something to 
do in putting that forward. 

Mr. Martell — May I say I neither said so nor suggested anything 
that Mr. Swan could take to himself. 

Mr. Swan (continuing) said he did not know Mr. Macarthy was 
going to read the paper ; he had had no conversation with him on the 
subject, and therefore he did not know what he had in his mind regard- 
ing tank steamers. Being now on his legs he should only say this, that 
towards the end of 1885 he had occasion to see Mr. Martell on the subject 
of building a tank steamer, and strongly advocated the carrying of the 
oil to the shell of the ship. At that time Mr. Martell had a very strong 
objection to it ; but when he read his paper in Liverpool in the following 
year his views, he thought, had undergone considerable modification, and 
Mr. Martell took a very diflTerent view from what he had previously 
done. That might possibly account for what Mr. Price said, viz., that 
on submitting his first section he had no difficulty in getting it passed 
quickly through. In the meantime the subject had been very carefully 
considered, and Lloyd's, he must say, had very intelligently examined the 
question, and given it more thought than, perhaps, they had done before. 
He had many interviews with Mr. Martell on the subject, and perhaps he 
did a little to clear away the doubts which existed in his mind previously. 
On the subject of Lloyd's Register generally there was no institution 
could be free from faults ; but, on the whole, he thought they had every 
reason to be proud of Lloyd's, and the way in which they did their 
work. It was an extremely difficult position they occupied, and consider- 
ing the variety of interests they had to satisfy it had often been a wonder 
to him how the numerous sections that were sent up could be so quickly 
returned approved or otherwise. But still there was a feeling that in 
such a large interest as shipowning, shipbuilders should be represented so 
as to supply the technical information they got day by day in their usual 
avocation, and thereby give great assistance to shipowners ; and he was 
sure the technical staff of Lloyd's would be glad to welcome an addition 
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to the committee in that shape. Ab he had said tlicrc had been Faults, and 
he thought one of the greatest grievanueB they had had in i-ecent times 
with Lloyd's had been where a section having been passed to-day, in 
another submitted a month afterwards for a simitar ship considerable 
additions had 1>eGn made. However, the issue of new rules had passed 
them out of this uncertain stage, and there would be no further tronble 
in that respect, and if, as he believed, the agitation going on for a little 
better rcpresent^itiou from the technical side were successful all would 
work hariooniously, and lie did not think there was any need for 
forther competitioD in registries beyond what there was iit present. 
The Bureau Veritas no doubt occupied a very important position, and 
it gave great assistance in dealing with technical questions, and their 
registry was growing a very important competitor, quite sufficient in his 
opinion to do away with the word " monopoly," and he thought in the 
future they would not have much to complain of, bat on the contrary to 
be satisfied with the state of things as they existed. 

The President said the technical side of the question had been 
talked out. He would be glad to hear some of their shipowning 
flnends. 

Mr. .1. D. MiLBORN, ebipowner and member of Lloyd's Committee, 
said, ho need not cnt€r into a defence of Mr. Martell. Mr. Martell had 
done that for himself gamely. In fact he had soared far above the 
clouds, after the example of that noble bird the eagle, to which ho 
had alluded in poetic languHge. The inenrance figures were larger 
than those given by Mr. Macarthy for this district. He had occasion 
to get them for Lloyd's Committee when it was considering the 
desirability of increasing the representation of Glasgow. The figores 
were £16,000,000, including insurance upon cargoes, ft^ights, and 
hulls— a mere drop in the ocean considering the magnitude of metro- 
politan insurance. Looking at the question ? " Shall we have a register 
on the North-Eaat Coast?" ho had to ask: "Can we?" Lloyd's was 
largely composed of underwriters and merchants in liondon, Liverpool) 
and Glaegow. If they had an association of their own would not these 
gentlemen suspect them of giving themselves better marks than they 
deserved ? Such a registry would have no confidence amongst those 
who looked upon registry as an impartial survey of condition and fitness, 
and therefore would fail. So much confidence waa vested in Lloyd's 
that the rates of insurance had decreaacfl, espetually njion cargoes, and 
Lloyd's classification was sulficient to allow independent and particnlar 
surveys to !« dispensed with, but these would certainly bo dcmandefl 
by the metropolitan undenvriters before agiwing to effect insm^ances if 
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they went in for a local registry the members of which being almost 
exclusiTely shipowners. There was another question he would like to 
speak upon, viz., competition in registry. He deprecated competition 
in the registration of ships. He thought such competition productive 
of bad material and bad workmanship, a source of public danger, and 
a direct cause of loss of life and property at sea. He knew he was 
speaking in the presence of prominent gentlemen connected with the 
late Liverpool association and also in presence of Lloyd^s surveyors, but 
it was his opinion that competition had at one time raged to such a 
height between these two societies that ships of a very inferior character 
were turned off the stocks. He knew of a brand new vessel which put 
into a port on her first voyage weeping at the butts, and another whose 
deck was inherently weak and had to be strengthened. He did not 
think they ever had had such seaworthy ships as they had now. He 
thought their type and character better than they had ever been, and 
he did not think they needed any other registry here. If they thought 
there was anything wrong in the administration of Lloyd's why not 
turn out their representatives and put in better ones? He (Mr. Milburn) 
however felt if he had got a good case to bring before the committee 
of Lloyd's based upon common sense and justice, merchants and ship- 
owners were sufficiently strong in the committee to carry it against any 
prejudice or purely underwriting interests. Shipowners were getting, 
gradually strone^er in the committee. Witness the recent return of 
£6,000 in fees. They wanted £10,000 off and would have the balance 
next year. Lloyd's was not a money making concern. Having once 
got a pension fund they would not allow the committee to absorb 
capital beyond what was necessary to secure effective administration or 
for increasing the utility of the association. They wei*e all obliged to 
Mr. Macarthy for bringing forward this paper. He felt that Lloyd's 
Register could bear full enquiry, and rather courted it than otherwise, 
for it brought out the facts. Mr. Macarthy called it a " one man afiair.'' 
If he had heard a certain discussion between Mr. Martell and Mr. 
William Gray concerning the well-deck steamers before the committee, 
he would have called it at least a " two men affoir." Flint and steel 
were as nothing when these two gentlemen came together on that vexed 
question, and it was a huge mistake to imagine that Lloyd's Committee 
did not act according to careful discussions and deliberations in com- 
mittee. He felt that there were many gentlemen wishing to make 
remarks upon this interesting question and would not occupy more of 
their time, and he thanked the President kindly for giving him the 
opportunity of saying a few words on the subject. 
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Mr. A. ScmoLEFiELD, shipowner, said he Bhonid like to pour a little 
oil on the tronhled waters, for lie thouffht Mr. Hacurtliy was rathrr rriB- 
judged by Mr, Martoll. Mr. Mncarlhy, he ventured to suy, did not wish 
it to be taken in the serious line Mr. Martell had taken it, and he did 
think an Inatitntion like this was >\i liberty to discuBS any question they 
thought fit; and if they desired to discuss thero whether tliey should 
have a North -East Coast Begistryof Shipping', or anything else, it seemed 
to him that such a (jnestion was a proper one to discuss calmly and 
quietly. If after such u debate as It would receive, and afl«r the carefiit 
analysis it would encounter by the members, it could not bear that 
criticism and analysis, it would be dropped ; but if it would boar them, 
depend npon it they would have the support not only of this Institution 
but of others also. He did not want to justify, and he was sure Mr. 
Macarthy did not want to justify, any errors he had made in his paper. 
They were all human, all apt to err, Amongst the multifarious duties 
Mr. Macarthy had to fuHil, he might by inadvertence have stated things 
not absolutely accurate : hut he (Mr, Scholefield) was certain Mr. 
Macarthy never deliliemtely intended to make any erroneous charges 
such as Mr. Martell had taken so seriously. Coming to Mr. Miiearthy's 
paper, it was certainly to be regretted that he had not more elaborated 
the reasons for this North-East Coast ilcgistry. In 1883 this subject 
was taken up very fully by their friend Sir. Laws. Mr. Laws then held 
that tlie mutual associatiuns had the power amongst themselves of forming 
a registry, aud he went a good way in getting information from all parU of 
the country. The mutual clnbs had then insured property to the value of 
something like twenty million poiuids, and Mr. Laws maintained they were 
in a position to give a proper c lass ifi cation for vessels — they had all the 
surveyors and apparatus for carrying ont a registry for shipping. This 
question was thoroughly gone into at the time, hut dropped. IFin 1*83, 
witli twenty millions of capital, the clubs could not do it, how could they 
now when it had dwindled to one-fifth of the amount? Mr. Laws con- 
firmed the view that as far as the cUihs were concerned it coold not be 
taken np, and he (Mr. Scholefield) agreed with Mr. Milburn that the 
whole scheme of a Norlh-East Coast Registiy of Shipping was imjirac- 
ticable. He would suggest that they should if possible get a branch of 
Lloyd's for the North-Eust Coast such as they had at Liverpool. If 
Lloyd's could see their way to do something of that kind it would meet 
most of the difficulties of the case. 

The President closed the discussion for the evening, to be resumed 
at the neit meeting in 8undei'lund. He moved a vote of thanks to Mr. 
Martell for coming there that night. 

This concluded the business. 
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SECOND GENERAL MEETING OP THE SESSION HELD IN THE 
LECTURE HALL OF THE SirHSCUIlTION LITERARY SOCIETV, 
FAWCETT STREET, SUNDERLAND, ON FRIDAV EVENING, 
NOVEMBER 8th, 1889. 



F. C. MARSHALL, Esq., President in the Chaib. 



The Secretart read the minutes of the Annual Meeting, held in 
NewcaBtle-upon-Tyne on October 2l6t, which were approved by the 
membere present and signed by the President. 

The ballot for new members having been taken, the President appointed 
Messrs. J. C. Stirzaker and R. L. Weighton to examine the voting papers, 
and the following gentlemen were declared elected : — 

MEMBERS. 

BrowD, Robson, Belle Vac Terrace, Tyne Dock. 

Bomu^maii, James Smith. 8, James Mather Terrace, South Shields. 

Edwards* James Henry, Byethorn, Corbridge. 

Evans, William, 2, Salisbnry Street, Sunderland. 

Hogg, James, 14, Hylton Terrace, Upper Coach Lane, North Shields. 

Hills, Charles Henry, Anglesey Copi)er Works, Walker-on-Tyne. 

Ray, Arthur, c/o Thomas Ray, Forgeman, Sunderland. 

Rooke, Charles Bowden, Jun., St. Paul's Road, West Hartlei)ooL 

Stoldtz, Heinrich, c/o Messrs. Cifuentes, Stoldtz y Co., Gijon, Spain. 

Weir, William, c/o Messrs. Wigham Richardson & Co., Low Walker. 

ASSOCIATE. 
Cohan, Edward Ashcr, 2, Rumford Place, Liverpool. 
TOIL. ¥1^1009. ^ 
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GRADUATES' MEETINGS. 
The President said lie wisheiJ to take tlie opportunity of reportiiif; 
on one of the subjects hrought forward during the remarks made at 
their last meeting with regard to the Graduate Section. Aa a proviona 
general appeal to the Graduates was not very satisfatitorily responded to, 
he took the liberty of writing personally to each, inviting them to meet 
one of the members of the Council and himself at tlie rooms of the 
Institntton, to ascertain their views with regard to the formation of this 
section, and also to mnke their personal acqnaintnnce. He was very 
glad to say that sixteen of the Graduates came together, and he must say 
a very intelligent, fine lot of yonng men tliey were ; they entered moat 
heartily into the project and forthwith proceeded to elect n committee ; 
and nfler a few remnrka from one of the racmbera of the Council, who 
afterwards retired, they were left to carry on theii' own business. He 
might say they had constituted themselves, as the Conucil desired, into a 
Graduate Section of the Institution, for the purpose of reaiiing and 
discussing papers amongst themselves, and they certainly looked, from 
the resolutions passed at a 8ubsec[nent meeting, "like business." He 
hoped there was a good and great future before this section of the 
Institution, and that they would have these young men growing up to 
take their places as they fell one by one into " the great majority." 

The discussion on Mr. G. E. Macarthy's paper, entitled "Notes on 
the Surveying and Classification of Shipping," was resumed ; after which 
Mr. J. C. Spence read a paper on " The Strength of Hollers," 
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XOTES ON THE SURVEYING AND CLASSIFICATION OF 
SHIPPING. 



ADJOURNED DISCUSSION. 



The President said their first bnainesB was the adjonrned dis- 
cussion on Mr. Mucaithy's paper, entitled " Notes on the Surveying 
and ClasHification of ISliipping." iind liu ncud scnrccly remind them 
that they had a very lively and intereBting discussion at their last 
meeting on this subject, and he hud no doubt they wunld biive an 
equally intea'stiug discussiou that nigbt. He hoped that no member 
present woald feel timt he was muder any reslntint with regard to this 
diBCUBsioti. They were most aniioiis to hear the views of all memberu 
on all the |iapcrs. It had bci;uroc, sometimes from necessity, almost a 
bibit witli them to call \\\K>a gentlemen to speak on these discussions ; 
it wnu not his intention to do so that night at all, he thought it 
WHS a reiirehcnsible prautice, it was much iHitber that the discussion 
should tic free and open to all, and no one should feel that he was under 
the necessity of waiting until the chairman called upon him. Mr. 
Macarthy's paper was one upon which there might be two opinions as to 
the propriety of its beiug read before this Institution, but he thought 
il« object waa a very general one, materially affecting their customers, 
the shipowners, and also, through them, he thought, it aflected the 
shipbuilders and engineers. He (the President) could not say 
that iie endorsed the view that this paper ought not to have been 
produced befoi'e the Institution. He thought the Committee did 
wisely in accepting a paper which would lead to the ventilation of 
a subject important to every one of them. He would just remind 
gentlemen that the avowed object of Mr. Macarthy'a paper was 
to elicit the oj^iniuu of this Institution as to the practicability of estab- 
lishing a North-Eaat Coast Registry of Shipping, and, if practicable, 
whether such a registry would benefit the sliipping interests of the 
district. Mr. Macarthy then, after mentioning some diHiculiies he had 
eiperiencwl with regard to inspections, went on to ask — were these diffi- 
culties not suQicient to JuHlify, and were there not here the element of a 
North-East Shippirjg Registry ? Now, thoy had had a good many 
opinions very strongly cxprcssetl at the last meeting. He hoped each 
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Bpenkcr would Imve u due rcgiird for the feelings of others, and not 
exceed the ixrnuda of fuir ttrgnmeut ur of gentlemimly remark, the one 
towttrda the other. The discuaBJon was now open to any member to 
proceed. 

Mr.B. G.NiCHOL said, he had not inteDded takingpart in thUdiscus- 
Bion, bat there ivere remarks made at the last meeting on which he should 
like to comment. This paper of Mr. Macarthy's raised a very important 
question, which at different times had been asked and almost as oft«n 
answered in the affirmative : Was uompetition or rivalry beneficial ? 
Now, in t)ie case of iustitutious such as those which had come into 
this discussion, like Bm-can Veritiia and Lloyd's, it appeared to 
him of the highest im^mrtance that tbey should have competition, 
especially where they oontrolled to a large extent the shipbuilding 
and engineering industries. The tendency made directly for more 
eOicieiit and more representative committees, as was so ably argued 
by several speakers at the last discussion, and also, to his mind equally 
important, tended to a higher and more able and more efficient staff, 
so that tliey might gut rid for ever of those antiquated fossils who 
considered that u ship to go acroi^s the Atlantic should have a skin of not 
leas than an inch thick and frames Bixteeii inches apart ! Whether a 
Sorth-East Coast Registry could be successfully launched was a question 
for the shipowner and the underwriter, with which, he tlionght, they 
were verj- well able to deal ; but there was one spciiker at the last meeting 
who he (Ml'. Nichol) regi'ctted very much indeed, took this iwpcr as 
a direct attack upon the association with which he was identified, and 
adopted a strong piLrtisan delisting spirit In the discussion. He also 
regretted very much that Mr. Marteil thought fit to pay a left- 
handed compliment to the President and Council of this Institution as 
well lis to the reader of the paper, by complimenting Mr. Macarthy on 
having Iiad such a poor pafwr mid before an Institution like this. 
(Mr. Nichol) fancied if Mr. Martell's remarks had been made in a 
combative and less bellicose spirit they would have been much more 
appreciated. But passing by the charges of " misleading," " misrepre- 
sentation," and " sinister motive," he should like just to make one or two 
remarks upon that part of the subject referring to petroleum steamers, 
"Well, be, in conjunction with Mr. Cravell, in 188G, read a pa[wr on the 
transport of petroleum in bulk, that relating to the steamer being read 
by Mr. Gravell. Since that time tbey had taken a very lively interest 
in all pertaining to the carriage of oil in bulk, and he was escecdingly 
pleased to hear Mr. Mai'tell say that as far buck aa 1372 he advocated 
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the carriage of petroleum in bulk, and that plans of steamera had been 
passed at the time for that purpose. If he did not know better, if he 
had not enquired further, he should have gone away with the impres- 
sion that Mr. Martell then advocated and approved the steamers they 
had carrying petroleum that day; but neither he nor Mr. Price told 
them that they wei'e double skinned steamera, a type of which there was 
not one being now built. (See Plate I.*) He should have gone away 
with the impression that it was the steamer where the oil was carried 
out to the skin of the ship, and would have been misled. Mr. Swan 
in his remarks said that in 1885 Mr. Martell was distinctly opposed to 
the oil being next to the skin of the ship. In 1886 a steamer was so 
designed, but refused unless it had a double skin. He (Mr. Nichol) 
understood that the Bureiiu Veritas was willing to class it with a double 
shell, but preferred to have the oil carried out to the skiu. He thought 
it was clearly established that Lloyd's Coniuiittec had stood very, very 
much in the way of the progress of the petroleum steamer to its prcseut 
state of perfection. He could come to no other conclusion than that 
the alteration in Mr. Martell's opinions and the practice of Lloyd's 
Committee was due to the successful voyages of the S.S. ** Gluckauf " in 
1886, and to the fact that the Bureau Veritas had, during that year, 
classed a considerable number of vessels to be built on the same plan. 
He could only, in conclusion, congratulate Mr. Macarthy on having 
brought a paper before this Institution which had evoked such an 
amount of attention and interest. 

Mr. J. Gravell (of Bureau Veritas) said that on first reading Mr. 
Macarthy's pajxir he thought there was nothing that he might have to 
comment upon, and therefore did not intend to take part in the dis- 
cussion; but since the discussion took place he found that there might 
be one or two remarks made in reference to rival societies. Kivid 

• The foUowing communication has been received from Mr. Nichol : — 

November, 1889, 

Tub Sbcbbtaby, N.E.C. Institution of Enoinebbs and Shipbuilders, 

Nkwcastlb-on-Tynb. 

Dbab Mb. Duckitt, — I beg to enclose sections of the steamers referred to by 
Mr. Martell, in his remarks on Mr. Macarthy's paper, as having been passed by Lloyd's 
Committee in 1872, for the carriage of oil in bulk, and likewise of the S.S. *' Glnckauf ," 
to which I made reference, as having been passed by Bureau Veritas in 1885, and trust 
that yon will kindly arrange for them to appear in our Transactions along with my 

remarks. 

Yours faithfully, 

B. G. Nichol. 
(For these Sections, see Pkte I.- Editob.) 
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Bocietieadid not uctually mean competitive societies. He thought if it 
was to be admitted that there was any rivalry between Lloyd's and 
Bureau Veritas it was a thoroughly healthy and necessary rivalry, 
inaflinuch as it must teud to the benefit of both shipbuilder and shipowner, 
as well as to thiit of the societies. The Bureau Veritas might have 
beuelited in many cases by Lloyd's experience, and there waa no doubt 
Lloyd's had Iwnefited by the Bureau Veritas' experiences. In Mr. 
Martfll's remarks he found some statements made which were 
correct in substance but not iu the aottial feet. Ho said that as 
early as in 1872 they (Lloyd's) bad plans put before them for vessels 
carrying oil in bulk. The pluns of the sitmu vessela were ulso aubinitt«d 
fur the npprovitl of the Bureau Veritas. Those ^'esscls were good, well 
built, staunch, and stronj^, no doubt, but they had nu proof of them 
having evLT bet-n elBdeut for carryiujf petroleum in bulk. Again, 
&fr. Martcll said that he was the pioneer, and encouraged the 
carriage of oi! in bulk, and that he did so through a paper he 
read at the meeting of the Institute of Xaval Ambitects held in 
Livoi'pool in I8S6. This was hardly correct, as he (Mr. llartell) did 
not ex])lain the tyjie of vessel of which he then approved. At the 
same time that he was encouraging shijiowners to build steamers to 
carry oil in bulk he was stopping the construction of the type of vessel 
which was then being constructed, and had since invariably been con- 
structed for the carriage of oil, viz., out to the skin. He (Mr. Martcll) 
did nut approve of that system, in proof of which the very vessels 
which he showed diagrams of, and which were submitted for approval to 
his committee, were being built under their inspection to class their 
highest class, but with the proviso that "the class did not extend to 
petroleum fittincs." How could Mr. Martell explain his assertion that 
he encouraged shipowners lo build these vessels when he had no con- 
fidence in them himself, as he was not prepared to class them out and 
out ? How could a vessel be built specially for petroleum, and not 
classed to carry it, by the fact of the class not extending to the petroleum 
fittings ? What had made Mr. Marteli or his society alter these views ? 
He wished to put forward to them the bfuefit of two societies und two 
opinions. There was not the slightest doubt that Mr. Martell did not 
approve of the single skin (the present construction), but insisted on a 
double skin. He (Mr. (Jriivell) diflferod from Mr, Martell, and advised 
bis committee that the projiosed plan of a single skin was actually the 
safest and most economical for the transport of oil, and therefore he 
muintiiined that the alteration in Mr. Martfll's ideas was entirely due lo 
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his oommitteey in accepting the classificatioD of tbcsc vessels. Further, 
he thoaght that registry societies should be in a position t(» jud^e on new 
departures without first experimenting. 

Mr. H. Macoll said, Mr. Macarthy's very interesting pajxT covered 
snch a large amount of time, ranging from I)efore the ark until the 
present date, and even projecting somewhat into the future, that it was 
rather difficult to start making remarks, and more difficult still to know 
where to leave off. The gist of the pai)er, however, seemed to hinge on 
the question of the benefits or otherwise of the present system of classifica- 
tion. Now, so far as bulk oil stciimers were concerned, it was within his 
knowledge during the last five years that Lloyd's would not class a 
steamer to carry petrulenm in bulk, either with a double or single skin, 
and one reason given was, that vessels had been built some twelve years 
previously for the Continent which were not found to be suitable for 
carrying oil in bulk, even after every care had ])oen exercised in the 
building of them. One of the vessels referred to was at the time alluded 
to lying at Antwerp, and a visit wiis made there to ascertain something 
as to the actual state of the matter, when it was found the whole concern 
resolved itself into this, that the municipality of Antwerp had pro- 
hibited the import of oil in bulk into the harbour. These vessels carried 
ordinary merchandise, and were found to make splendid grain carriers, 
but were lately found rather small for the transatlantic trade, and they 
did not carry petroleum simply because they did not get the chance, 
and certainly did not give grounds for any argument against other vessels 
being built for the oil trade. 

There can be no doubt that registry associations were largely influ- 
enoedy and he might say benefited, by their close and continuous 
communication with those engaged in the manufacture of ships and 
engines, and he did not believe the members of the Institution, how- 
ever much they might be inclined to respect Lloyd's and other 
registry associations, would be at all inclined to concede the claims 
put forward at their last meeting for something like perfection, and also 
for accurate forecast of the future. It was quite true the chief surveyor 
to Lloyd's Registry read a paper on oil vessels; but how much had 
Lloyd's done to further this growing industry until others had led the 
way and made the matter an accomplished fact? All large similar in- 
stitutions had a tendency to get into an established system, and did not 
take kindly to innovations in ordinary practice. In fact, when anything 
novel was proposed, the first thing the surveyor usually said was, Why 
don't you build the vessel according to the rules ? However close to 
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perfection Lloyd's or any Bimilar inBtitution might be at present in their 
rules and practice, there would soon be (i^eat room for alterations and 
additione, oiving to the varying conditions of trade. It was no intention 
of his to dilate at any length on classiGcation, but thei'e wbb one mntl«r 
in the present rules might be referred to, which was, the steps or^adua- 
tions of the tables. One scaotlicg of material waa given from one 
numeml to another, and represented a diffei-ence of two huudi'ed tons 
in the size of the vessel in some cases. It appeared to him that this 
arrangement was directly encouraging the building of vessels closely up 
to the limit of each respective grade, and if a vessel, say of 3,000 tons, 
aud as nsnal close up to the limit, was increased one inch in the dimen- 
sions, it would be found some twenty to thirty tons more material would 
be necessary to comply with the i-equirements for the next grade. 
Now, either the vessel just under the grade was too weak, or the one 
just over the grade was too strong ; there was nothing very (terfect or 
Bcientilic in such rules and tables. He would suggest that their fixed 
scantlings should be looked upon, iind dealt with, as spots in a curve, and 
to be only correct for a very small range, and instead of, say, increasing 
the thickness of all the outride sti-akea of shell plating at one jump, and 
increasing all the inside strakes at the next step or grade, let the increase 
be made one strake at a time by interpolation corresponding to the 
increase of the standard numeral towards the nest. .Sjacing of the 
fhiincs could be dealt with in a similar manner. 

Another matter was, when passing sections at Lloyd's for a similar 
vessel it was found that tons of additional material wei-e piled on without 
any warning, and this was a matter which punished shipbuilders severely. 
After getting all armngemcnts made to construct a vessel of given size, 
lines, and dead-weight, when plans were submitted it was no unusnal 
thing to have t«n or twenty tons of additional matenal added, the result 
being when the vessel was completed each additional ton of material cost 
£12 or £IS, and then their esteemed ft'iend the shipowner claimed a 
fbrtber £10 per ton for short dead-weight. This cotdd l« overcome in 
two ways, either making the vessel longer or fuller in the Hues j hnt this 
was not always expedient, and it did not teil very highly in favour of 
Lloyd's rules, in another point of view, when it was considered that the 
displacement formed no factor in the case. A vessel might be -SS coeffi- 
cient or '85 and the general Ecanllings remain tlie same. As to the 
question put by Mr. Macarthy, whether there was material for a 
North-Eaat Coast Registry, he was not very clear about it; in fact, he 
considered if such a thing were gone into it should partake more of » 
national character. 



I 




DiaCUSSIQS — Sl'RVETING AND CLA.SSIFICATIOy. 4o 

They had heard a good deal about the representation of Lloyd's beine 
so widely spread; but, as a matter of fact, the shipbuilders who con- 
tributed the balk of the rcrenne had no voice in the admini<iraiiun. 
The underwriter was there in fall force ; of course that was ••liiy to 
be expected, seeing Lloyd's was essentially an underwriting o>ncem. 
Tlie shipowner was also there ; but he (Mr. Macoll; decidedly objected 
to the statement that there was a fair representation of the interests 
concerned, when no shipbuilder, as a shipbuilder, was allowed within 
the diarmed circle. Then even the mnch talked about freeboard tables. 
which no doubt involved an immense amount of labour, which few 
people had any idea of, in compiling and rejLnilating, were, after all, the 
reflex of the practice of the better class of shipowners anJ shiplmildrrs. 
He knew steamers which had been stopped by the Board of Trade as 
unseaworthy, on account of overloading, which were nuw saiiiniri with 
the sanction of the Board of Trade and Lloyd's with the same, an<l in 
some cases less freeboard than was originally marked on them by the 
builders. 

Mr. Gbo. N. ARNI80N, Jun., considered the subject of the surveying and 
classification of shipping, including, as it did, the fixing of the scantlings 
to which vessels had to be constructed, as well as the supervision of the 
building and the subsequent ^leriodical and damage surveys, a most 
important one. In the paper read by Mr. O. £. Macarthy attention had 
been drawn to the question of establishing a " North -East Coast Register 
of Shipping," but from the general tone of the suljsequeut discussion it 
appeared that it was not considered proba]>le that a new and snecessful 
surveying and classification registry could l)c organised. Men of 
experience who had participated in [last efforts in organising and working 
a rival British Registry for Shipping were of that opinion, and they 
might be expected to know best. Even if the proposed new association 
had not only the North-East Coast but also the Clyde district as its 
principal centres of opemtion, success appeared far i'rom certain. If, 
however, a new and powerful classification society, so desirable from 
several points of view, were not i)08sible, surely there were sufficient 
grounds for canning out the suggestion Mr. A. Scholefield made at the 
close of the discussion on October 21st, viz., that there should be a 
separate Committee of Lloyd's Register of British and Foreign Shipping 
for the North-East Coast as there was at Liverpool. This suggestion 
might well engage their attention, and if the meeting thought fit, he 
emphasised, such an arrangement would be of great value. For instance, 
in putting pi'oix>sals before Lloyd's for classification if there were a 
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local committee, quicker despatch miglit be anticipated; but rot only 
tliat, ill cases of diapiite with siirveyorK, which Bometiniea di> occur, a 
Hpeciftl survey by tlie committee could \k readily arranged if they were 
on the apot. I'osBibly it would emphasiee the iidvantage of mich an 
ftrmngement to quote one or two iiiBtancea Id which, under the Intter 
aspect, a local committee would have been useful. A steamer was 
examined for survey on a neighbouring river, the damage being com- 
paratively slight. The sun'eyor representing Lloyd's Register, in going 
round ahmg with some one else thought he could see a fracture in the 
forward post of the stern frame, nnd decided that fiivtlier examination 
was necoaeary, ordering off the garboard strnko i»fter plate, neceseitating 
the cutting out of the rivets in the strake above, aud entailing consider- 
able expense. Ultimately it was found that the supposed fnicture wna 
just the original mark left by tiio welding of the stern frame. This 
shonld have been apparent on the lii'St cxaminaiion to the surveyor; 
possibly the owners' representative was not sufficiently firm. Had he 
(Mr, Amison) Iwen present he would have iuaisted upon a special survey 
and the presence of some one from the headquarters at London, before he 
acquiesced in the decision to i-emove the garboard plate. He happened 
to be interested in the vessel, and when the account ctime in and was 
submitted to the average adjuster a large portion was disallowed as the 
so-called defect in the stern post was an original defect, aud no work tn 
connection with it was chai^;eable to the underwriters. Thus the 
owners were fined in the amount of about £200 because of the excessive 
scrupulousness of the surveyor. Now, if they had had a committee 
Bitting in Xeivcastlc they might have said : " Would you just send your 
committee down to look at this?" and he doubted very much if practical 
men would have endorsed the view of the surveyor. Similar caaes had 
occurred about minor points where there was not so nmch money 
involved. For instance, a vessel bad touched the ground aud was docked 
for sighting, and no iiitemal damages were observable, but a hold 
stanchion which Wiis not perfectly straight, and had lung been in that 
condition, was ordered by the surveyor of Lloyd's Register to be removed 
and atraightened, with the distinct statement that if it were not so dealt 
with the vessel's clas.'i would be suspended. He believed other ship- 
ownei's and shipbuilders had similar experiences of occasional arbitrary 
acts on the part of individual surveyoi-s. Mr. Macarthy had given them 
an instance when he had to re-tort to the Bureau Veritas for the classifi- 
cation of a vessel, aud such instances showed the desirability of having 
immediate contact with the committee. 
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The qaetticA of Kantfing* b« kJrssbij -e-.^ r:>rrr: :*:, •.o: .: liui 
been pointed out in the di««.-Q3K-.2i iLu 'Juz *•-*.•_ :j:ir« r*. :-_-r: :j L 7 1 * 
Regigter were tett unfair u> fae^jf^ieii T-asfe^i. kisL -fe-i l tc-.c:. tzi i.c 
the building of fnll Testtk. Wh«i*=r t T*sse. vt* l :r ■• 5»:!5:k-l: .: 
diqdaoement it made no nuscr. ir:T>i-(:ii l!>= r. 1sil::is rlni kiii iir- 
principal dimensiona were ibe 3iz>r. :ifr rir:r T^ar-l Lk-ni^' =. jii ItS- 
dead-weight capacitr mn«t have ir bt^Tj •cki:.-.i:r* fc zIjz x-jtz -riii 

much heavier dead-wei^ carTiE.2 cfc:*:^rr. T-a Tfe ••-irtn '^. 

. ■ - _ • • 

theory, and practice sh^.*ald It l*»>-zis :r- ^^ —:». «rr Jkrzj v'*i- li^t'.rT 
on this point. These were ihe principal nfc'.-^rs :Lii .oLirr*>i :• Lin. in 
connection with this sabj*«jt, ai>i br b::»^: ^zriber -it.-r « >-r*::- c ->-*•: 
be given to them. 

Mr. G- B. HrsTEB ■btic-r cstll-e: -:oi '.t ::- Vz^ilftz,', sL-i i: Lad 
been his desire t«> leave ihe dL^ciiasvi. 01 :L1* -OAs.n ::>:r= !/:• iL*: >::i- 
deriand memben ; bai, periidf^^. iL^r Prwviti: r»c»'.cT;iaei ::-a: h* w<*.^ 
more a Sunderiand man ih^n a Xrvcbj-cir i^a^. H^ La^l l-.'. th*.- 
pleasure of hearing tlnr paprr r*^; : hzu ^.' fa: as liifc iil".'-'^e«L 
he would make one or twu rtDiark* whic-b Lo.-rred ^- Liz.. H*r ih.-urf.: 
it had been eatablished fr-.m wLai Lt ha^: Leari as«: rtA»i •_' :h^ 'iU- 
cnssion, that the consensns uf op^Lion wiie ifii»: iukj did u-t r»>j';ir. at 
the present time a local and rival ivgi-ier in th*.- Nonh ^-f England. If 
Lloyd's should bec^jme more de&pxic than they w^riv. and use their 
position in such a manner aa to hamper either the business of the 
shipbuilder or shipowner, that time might ome ; or if Lloyd's should 
do as he thought they were not doing now — bnt as he thought 
they might be said to have b>jen known Uj do in th*: past — stand in the 
way of pn^gresB, and interp'nsed oUt^-k-s iiud dii!icultie:i in the way of 
shipbuilding or shipowniusr, then pe^hap«^ that time might come. But 
if that time came — he hoped it never would come ; but if it did, he thought 
they would all feel tliat the new ix-d»ter ol shipping should not be 
established as a local one. but should be established in Loudon, and 
have all the standing and all tlie influence that that national position 
could give it. It should 1* a national reidster book and not a local one. 
However, he felt that Lloyd's Committee knew well their position, 
which rested upon meeting the reasonable wishes of those on whom they 
depended for support, and also upon their being ready to meet the 
requirements of progress and inventions ; and he thought they were far 
too wise to place themselves in such u position as to necessitate the 
establishment of another and rival register book. Therefore ho 
hoped that time might never come. He felt, as he said, that there had 
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been h time when they did not fully recopiDiae the needs of their 
position, and when they might have been said to be Bomething of an 
obetructive Ixidy, when they did not grasp with snfRcient readiness the 
reqniremente of the new industry of iron shipbuilding, and when there 
waa a need of a new register book being established. It wm not only 
wanted, but was estabhshed witti very great snccess ; and it certainly 
served a useful purpose at that time. That time had passed, and 
altliough very friendly towards tlie Liverpool register, and recognising 
the usefnl work it did, as lie (Mi'. Hunter) grew older he felt more the 
evils of competition in such matters as the 8i![)erintendenoe of the 
building of ships, on which not only the safety of property but human 
lives depended. He knew after the commencement of the Liverpool 
book there were evils from the amonnt of competition lliat took plau« ; 
and one of the drawbacks from the usefnluess of that competition was, 
that certain vessels were undoubtedly built below the strength found 
necessary for iron and 8t«el ships. 

However, that time had now passed j and as regarded tlie two 
great existing register books, that of Lloyd's and that of the Burcnu 
Veritas, he supposed the only com|)etition that existed was as to which 
should be most poifcct, and which should be the first, if possible, to 
adopt any real improvements, and stand least in the way of invention and 
improvement as applied to shipbuilding and engiTieering. He thought 
they might say to tlie credit of Lloyd's — he hoped no Board of Trade 
surveyor was present — that it would iw much better to be in the 
hands of Iiloyd's Gimmittee and under the rules of Lloyd's Register 
book than to depend entirely npon the Board of Trade. They might 
rely npon it that, if it were not for Lloyd's they would he much more 
in tiic hands of the Board of Trade than they were. Whatever fiinlta 
might ivi attributed to Lloyd's, their system was more elastic, and they 
entered into and met the requirements of shipbuilding and engineering 
better than the Board of Trade could do. He thought they might aay 
this — he hoped he was not taking up too much time — that whatever 
difficulties they found in deah'ng with Lloyd's to the credit of the chief 
surveyor and his staff, be it said, whenever they went before Lloyd's 
Committee with a real grievance, they found they were ready to discusa 
it, and the chief surveyor, in his opinion, had always met them fairly, 
ettlier by removing the grievance or by doing the next best thing, 
arguing it out, putting their views fairly where they were right or 
convincing them where they were wrong. He felt indebted to Mr. 
Martell for the tact and courtesy he had always shown on these o 
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They must, all feel this. He (Mr. Hunter) as a shipbuilder of many years' 
standing must Kay his eiperience of Lloyd's surveyors as n Uwly was such 
that he respected them very much. He had always found them cxccod- 
inffly conrteous and obliginjf. and had never found Lloyd's surveyors 
make any re<|iiirement or niisr any difficulty except in the most 
conscientious manner in the coui'se of their duty. They must nil feel 
there was not a more able and intelligent, a more obli<riug and courteous 
and honourable liody of men in ail Europe than the great body of Tiloyd'a 
surveyors. He felt Imuud t<i say that; and having said that, he might 
be allowed to add he did believe they had two grievances, including 
the one mentioned by Mr. Macoll. He thought they as shipbuilders 
and engineers ought to be i-epresentett on Lloyd's Committee as ship- 
builders and engineei's. It seemed to be considered unfit for them 
to occupy such a position, but he failed to see it. Shipbnildera as 
shipbnilders and engineers as engineers wished to elect repre- 
sentatives as meml-ers of Lloyd's Committee, which recognised as two 
of its most useful and honourable membci-s. fttr. James Laing and Mr. 
William Gray, shiphnilders, although they were not there as shipbuilders. 
He (Mr. Hunter) felt that the efficiency and standing of Lloyd's Com- 
mittee would not be diminished but greatly improved if shipbuilders and 
engineers were eligible by the constitution of the society for election on 
the committee. He thought they might claim the revision of the con- 
stitution to this extent ae v. right and it most come sooner or later. 

There was another point in which he thought Lloyd's Committee 
stood in the way of the most perfect type of ship. He thonght their 
rules distinctly encouraged the building of ii class of ships which was nob 
the highest type of ship, and that was the class i:>f ship with long parallel 
" midship body," and box-like, tiill-lined ends so much built at the 
present time, but which, when he was a boy, would not have been con- 
sidered ships at all. The next change, he ventured to pi'edict, that 
Lloyd's Committee would make would be such a change as would ttJs- 
coQTBge that type of ship, and allowed the element of disphicement to 
determine to some estent, and probably to a considerable extent, the 
scantlings on which the ships were to be built. The displacement did 
Out now enter into the calculation by which the sizes were fixed, and he 
ventured to predict, in spite of all that had been said to the contrary, that 
the time would soon come when that defect would be removed from the 
rules, and that vessels of fine form and easy lines would not be diacoui-^^ 
but encouraged by the element of displacement entering into the deter- 
mination of the scantlings. 
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The PRE8IDBNT remarked that thej hiul not had the opinion of any 
of the engineers I'resent on the subject, He thought thej shciiild have 
soniclhing to say on the qucBtion as to whether a registry should be 
establiBhed on the North-East Coast or not. He ahonld be glad to hear 
the opinion of some of those present. 

Mr. A. G. SoiiAEFFER (of Bnrean Veritas) agreed that competition, 
ill the ordinary sense of the word, vras not desirable with shipping 
rug i strati ons. The high steiidaii! aimed at by Lloyd's and the Bureau 
Veritas might possibly suffer by the establishment of a number of com- 
peting registration societies, and he was therefore not in favour of a new 
local registry. He wished the rules and regalations of the two re^stries 
to be put on such a scientific basis as to be beyond reproach. Lloyd's 
would no doubt benefit by a representative of shipbuilders and engineers 
on the committee. 

The President said he supixwcd they must consider this discnsaion 
brought to a close. In his opinion, it had beeu a most iutereHting 
am\ valuable one. They had had the opinions of many of their first 
shipbuilders and some of their shipowners, and he thought, to sum up 
the discussion, Mr. Macarthy must feel he had got the answer to the two 
(juestiona he put so very forcibly in his pa[)er. He did not think that 
these answers were at all condemnatory of the paper ; on the contrary, 
he thought they had produced a large amount of information and of 
very valuable thought. There was one thing especially which the pajier 
had brought prominently forward, and that was the necessity, in the 
opinion of this Institution, that they should ha\'e a representation of 
shipbuilders and of engineei-s at Lloyd's. That had been moat forcibly 
brought out by the excellent and admirable speech to which they had 
just listened from Mr. Hunter. He did not want to tijllow up the whole 
of the speakei-s, but there was another speaker to whom he thought he 
must allude, and to the subject of his remarks, that was to the 
speech of Mr, Price. As the chief surveyor of the Liverpool Under- 
writers' Registry, and representative of the rival society in this 
district, his opinion on the subject of another I'egislry was of tlie 
utmost importance and weight. lie (the President) thought Mr, Price 
hod conclusively shown that it was not necessary that they should 
have another I'egistry on the North-Eost Coast, and that it would not be 
to the advantage of the shipowners of (he district. Mr. Martell, too, 
brought very prominently foi-ward one fact that went very far co answer 
the question put by Mr. Macarthy, that waa: Was it desirable to have, or 
practicable to have, a ivgisiry on the North-Kast Coast ? when he gave 
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the amount insured in the variouA i)ortfl of the oonutry. He showed 
them that while Mr. Macarthj very graphically brought out Boinething 
like twelve millions of policies represented on the North- Bast Coast, after- 
wards corrected by Mr. Milbnrn to sixteen millions, there were six 
hundred milUons represented in TiOndon, and as the classification of 
Teasels existed for the purpose of underwriting and assessing values 
of vesselSy and that a large amount of these policies were policies on the 
Tessels, he thought that fact sufficiently answered the question as to the 
relative importance of having a registry here — the importance might be 
said to be in the relation of 12 to 60o. But however important, it had 
led to the elucidation and letting in of the light on the relations of 
Lloyd's institution and that of the Bureau Veritiis in regard to the ship- 
ment of petroleum in bulk, and he thought very much to the advantage 
of the Bureau Veritas. In regard to the advantage of comi^etition, 
they had enough competition in their daily life, and the less they had 
in their theoretical and scientific questions the better. He should have 
liked to have heard some of their engineering friends on the question, 
but he had no doubt their views would have accorded very much with 
those of the shipbuilders, viz., that, while they wanted representation, 
and to have something to say on the now very important functions 
which Lloyd's fulfilled, on all engineering questions, that it was scarcely 
desirable or necessary that there should be a local registry. In regard to 
forming a branch of Lloyd's in this locality, he thought this a very 
ftir matter for discussion. Where they had such a large extent of ship- 
bnilding as they had on the North-East Coast, it did seem to him to 
be of advantage that they should have the means of communicating 
with a body of gentlemen who could give an answer on many questions 
without submitting it to TiOndon, and he thought it a subject worthy of 
tiie energies of this Institution, to seek to have a branch here. After all, it 
was not so much the shipowner who had strictly to do with the construc- 
tion of his vessels, it was the shipbuilder, and, however largely he had to 
consult with Lloyd's, he was the constructor of the vessel, and any ques- 
tions that might arise under that construction did rest with the ship- 
builder. Here they had on this coast a very large industry, with a larger 
number of shipbuilders, putting the three rivei'S together, than almost any 
other district ; he therefore thought it would l)e only the right and proper 
thing to have a branch of the committee sitting in Newcastle, as well as 
in Liverpool, and also in Glasgow — he thought the same thing applied 
to Glasgow as to themselves — and it would facilitate the various opera- 
tions they had to carry out in conjunction with Lloyd's Committee. He 
would now call upon Mr. Macarthy to reply to the discussion. 
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5Ir. Macarthy asked ilie members to bear patientlj with him a short 
time if ho went over again much that had already been spoken to, 
as statements had been made which required to he refuted. The 
InBtitiitioii had wisely, he thought, widened the basis of its constitutioa 
by opening iW doors tu sbipowning AEsiwiiites ; but shipowners, as a body, 
wi'i-e Dot scientific experts, and wlien the Secretary aslted him to write a 
jKiper, it was, as he (the Secretary) would bear him nut, with considerable 
hesitation that he acceded to his request. In liiH opening I'emarkB be 
stated that he did not intend to deal with the subject of the surveying 
and classification of shipping in a technical or scieutific manner ; but be 
was not disposed to yield to anyone with respect to his competency to deal 
with the commercial or economic bearings of the question, having been 
engaged since 185i — a period of i!5 yeare — in the sliipping trade, watched 
and taken part in the growth and progress of our great steam-siiippiiig 
industry, and shared in its changes and vicissitudes. This personal 
statement was drawn from him by the remarks of two speakers in the 
early part of the discussion, who had misinterpreted (he would not say 
misrepreBcnted) his meaning, and charged him in somewhat harsh terms 
with writing upon a subject about which they assumed that he was in 



Mr. Wigbam Richardson, although he was of opinion that it would 
not he wise to contemplate the difficult task of starting a new registry, 
discussed tlie question in a fair and judicial spirit. Ue was opposed to 
the centralisation policy of Lloyd's, and suggested that the fullest powers 
should be delegated to a committee strengthened by rcpa-sentatives from 
the Naval Architect section of its dues-payers, who shall have their place 
of meeting close to the shipbuilding establishments. He also suggested 
that, with respect to the Bureau Veritas, the sliipbuilders should come 
forward and assist to see that fair play shall he duue by the English 
Government. By the latter he (Sir. Macarthy) understood Mr. Richardson 
to mean that iu lenders fur Admiralty and other Government freight 
contracts sbi)>owners shall not be tied down to Lloyd's classification only, 
but that they shall also be allowed to employ vessels classed in the 
Bureau Veritas. lie quite agreed to these suggestions, and they in part 
conlirnied his contentions. 

Mr. Arthur Coote, whilst giving a general support to Lloyd's, also 
claimed a larger and more direct representation. 

Mr. John Price, after indulging in some rather caustic remarks at his 
(Mr. Macai'thy's) expense, which wei-e, by the way, dtspiitid in his state- 
ment^ dabbed the paper and his illustrations unfortunate, and asked 
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oerUin qnertioiis; bat is Mr. Marten. vb:< f':>3owcd binL icok op Toy 
mnch the aune eroimd. his repij to Mr. M^rteil woold serre foe bcch 
gentlemen. He migfac. hoveTer. p.-mt oct ihat Mr. Price aIso toM them 
that *• the Liverpool Commhcce made iL^m ■ LI*>j»r$ OMnniitee' feel they 
rested npon a more popular sopport. and now chej wanted this basis 
a little more widely extended :" and farther on he said — " What they 
wanted was to have Lloyd's wisely infosed with that citrment by which 
the constmction of ghipa was alone cnderstix^i, and he thon^t they 
wonld prevent the elements from dadbin?. They wonld. that is to say, 
exclude errors from the con?:tmi:iion of a ship and bad administration in 
the oondnct of the society/* He ' Mr. Macarthy) asked was not this the 
case for the plaintiff? 

Now for Mr. i^Iartell. He was pleased that he (Mr. Martell) should 
have taken the trouble of cominir to their former discussion, and that 
they should have heard all he had to say in defence of his society. He 
thought, however, if he might \*d allowed to say so, that he might 
have shown more courtesy to him (Mr, Macarthy) in particular, and to 
the Institution generally without injury to the cause he came to advocate. 
Such expressions as '^misrepresentations,*' '* misleading statements,*' 
** sinister influence," " garbled account," "not a truthf al statement," were 
not what they were accustomed to in the discussions of this Institation. 

He (Mr. Martell) told them there was nothing in the paper to discuss, 
and he occupied more than thirty minutes in discnssiug it. He rated 
the Council of the Institution for passing it, but he ought to allow them 
to be the best judges. After all was said the engineers, shipbuilders, 
and shipowners were the bodies from whom Lloyd's Society derived nearly 
all its revenue, they were, therefore, quite in order and competent to criti- 
cise its constitution and work. 

Mr. Martell thought " there was something behind the scenes, he could 
not tell what." He (Mr. Macarthy) assured him there was nothing 
hehind the scenes, all was straightforward and above board so far as he 
was concerned. The petroleum tank steamer question was he presumed, 
according to Mr. Martell, one of the misrepresentations contained in the 
paper. He ventured to say, however, that the misleading statement was 
Mr. Martell's and not his. The type of steamer he referred to was not 
the double skinned vessel of 1872, alluded to by Mr. Martell, and which 
he believed was never put inco commission, but the modern boat of the 
" Bakuin " type, built in 1880 by Messrs. Wm. Gray & Co., of West 
Hartlepool, against which there appears a foot note in Lloyd's Register 
of 1888-9, " Classification does not extend to petroleum fittings," and on 
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this point Messrs. H. F. Swan, B. G. Nichol, anrl J. Gmvell corrobor- 
ated his view as to the obstruct! veness of Lloyd's (the word was Mr. 
Martell's); and here he thought it was due to Mr. Swau, ii8 he seemed to 
be somewhat anxious on the point, to state tliat )ie had absohUcly nothing; 
to do with the paper nor did he believe that he had any knowledge of it 
previous to their last meeting. The first and only occasion when he had 
consulted Mr. Swan on the sabject of petroleum steamers with tanks 
carried to the outer skin was iu July, 1885, when, if his memory served 
him right, he gave him (Mr. Macarthj) to understand that a classifica- 
tion for such a steamer conid not be obtained from Lloyd's, and he, there- 
upon, abandoned the project, thereby losing a most profiUible contract. 

Now, with respect to the well-deck sleamer and the load-line question 
he was sui'e that his sbipoivning brethren would support his contention, 
that considerable Irictiou had existed with Lloyd's for some time, and 
that it was only after the very gi-cat efforts of Mr. Yeoman, of West 
Hiii-tlepool, to whom they (the shipowners) owed a great debt of gratitude, 
that Lloyd's Committee were brought to take a reasonable view of the 
question. Mr. Martell asked how much information he had given in 
bnnging this question to maturity. Well, he would tell him. On the 
23rd of Maroh, 1882, he supplied Lloyd's Committee with particulars of 
ten steamers, for none of which could he accept their load-line basis in 
place of the freeboards he had assigned himself on the advice of com- 
petent masters, proved to \x jierfectly safe after many years' sea experience 
in all weathers, and none of the steamers under his managGmeut had 
foundered or suffered at sea through overloading. Mr. Martell told 
them that until Lloyd's took the matter up, the Government prevented 
them sailing their sliips properly. He (Mr. Maearthy) warned the members 
of that Listitution, and through them the shijiowners and shipbuilders 
genemlly, to beware of this flirtation of the Boai-d of Trade with Lloyd's, 
for some fine day it might eventuate in an alliance with the "Barnacles" of 
that circumlocution office that would bode ill to their shipping intereets. 

Referring to the steamer which Mr. Price termed apocryphal, and of 
which Mr. Martell sjiid it would have been more honest if he (Mr. Maearthy) 
had told them it was his own. Mr. Martell was quite correct as to the 
steamer lieiug under his (Mr. Macarthy's) management; but if he had 
endeavoured to exclude the personal element I'rom the discussion he failed 
to see where the dishonesty was. Mr. Martell said bis account with 
respect to this steamer was nntrnthlul, and to this be replied that, if he 
would paixlon him a little exaggeration in the expression " riddled like a 
sieve," he was prepared to substantiate bis statement. Mr. Price asked 
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him how did he know that a committee sittiog in Newcastle woald have 
sebtled the question as to this steamer in 24 houra ? and he must admit that 
it would be very difficult to prove how a hypothetical committee would act. 
That is the midship section of the boat as she was presented for survey 
{pointvuj to a plan on the wall — See Plate II.), and if Mr. Price cared to 
take the trouble, he would be pleased to give him an early opportunity of 
jadging for himself. Mr. MartcU told them that the insurances effected 
in Tendon amounted to £600,000,000, and from reliable information 
he learned that this was the annual amount ; and he also told them that 
he (Mr. Macarthy) was quite right in fixing the amount of the North- 
East Coast insurances at £12,000,0()0. Apparently, however, on this 
only point upon which Mr. Martell was prepared to agree with him, he 
(Mr. Macarthy) was in error, as, according to Mr. Milburn, the amount 
should be £1G,000,000. Now, figures are offctimes deceptive. The 
North-East Coast insurances were mainly upon hulls, at an average 
premium of about 8 per cent, per annum, whereas the bulk of the London 
insurances were on cargoes, the premiums on which were, in some cases, 
very low. Take, for instance, the local coasting cargoes to London, on 
which the ])reminni was 28. j)cr cent., the underwriter would require to 
underwrite £8,000 to net the same premium as £100 at £8 per cent. 

Mr. Arthur Scholefield, whom he had to thank for giving him a 
certificate of character, suggested that we should, if possible, get a branch 
of Lloyd's for the North-East Coast. 

Mr. J. D. Milburn, as a member of Lloyd's Committee, was naturally 
careful not to condemn that society. By the necessity of his position his 
mouth was closed. 

A verbatim report of the first evening's discussion had appeared in the 
Shipinng Gazette of the 28rd October, and their old friend '^FairpUu/^ had 
taken up the cudgels and for two weeks running had tomahawked and 
scalped him (Mr. Macarthy) in his usual Red Indian style. He was of 
opinion that it would l)e fairer to writers of papers, if in future the 
newspapers were to be supplied with reports, that they should be supplied 
with the discussions in a complete form. 

In conclusion, he begged to state that in his efforts to be brief he had 
unavoidably left much unanswered. He had to thank the members of the 
Institution for the patience and attention they had given to the considera- 
tion of his paper. He was free to admit that the consensus of opinion 
appeared to be adverse to the starting of an independent registry ; yet 
if, as a result of the discussion thereon, the ruling powers at Lloyd's and 
the Bureau Veritas should sec fit in the near future to establish branch 
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committeea on the Nortb-Easb Coast, he ahonld have the Batisfuclion of 
knowing that he had not raised this storm in vain. 

The Secretarv (Mr. J. Duckitt) — In reply to Mr. Macartlij I can 
assure members I know nothing whatever of the report in the Shijipmjf 
Gazette. 

The President said the one duty that now devolved on him was to 
move thai their hearty thunks be given to Mr. Macarthy for his very useful 
and interesting paper. He was sure ihcy bad listened in the fii'iit insUtnce, 
with intcrcHt, and they had listeued to his reply, in all respects a courteous 
and wortliy reply, with very great pleasure and satisfaction. He wonld 
just like to say in regard to Mr. Macarthy's remark as to the report of 
their proceedings, he was afraid in those days of a free press, it was very 
dillieult to withhold the report of proceediuga like ttjeir own. It ivas 
one of the complaints of all scientific institutions thitt incomplete reports 
of pajjera and discussions did get into the papers. If Mr. Macarthy only 
thought for a moment he would remember that a full account appciLred 
in each of the Newcastle papers the morning after the discnssion, and bo 
far as he bad seen the icp<u't9 alluded to they were almost a reprint of the 
Newcastle pa[)ei-3' reports. He thought that would satisfy him that none 
of the staff of the Institution — of the Nortb-lSaat Coast Institution of 
Engineers and Shipbuilders — had anything to do with the matter. He 
had now the honour of proposing that their hearty thanks be accorded 
to Mr. Macarthy lor his very valuable |«pcr. 

Tliis was carried by acelumation. 

The following communication haa been received from Mr. T. McNabb: — 
CoMMrsicATioN rnou Me. Tuomas McNabb. 

Nbwcastlb-upon-Tyke, -Mlt I\'tipeiiibei; ]e8U. 
Dear Sir, — I r^et that circnmstaucea pi'event<id ine attending 
your meeting at Sunderland last ni^ht, as I had intended to speak at the 
adjourned discussion on Mr, Macartlij's paper, read at Newwistle on the 
31st uF October last. I consider that the main object of the paper was 
tost sight of at the Newcastle meeting, and the observations of the 
speakers were wide of the object for whicli the paper was prepai'cd. The 
question was, as to the practicability or advisability of forming a 
Registration Association for Shipping on tlie North-Bast Coast. My 
impression is that such an association would be benehciid, in the sense 
that competition is desirable in most things; and without doubt the 
shipping community ut large, and oven Lloyd's, benefited by thi Liverpool 
llegistratiuu Aw tciiition startpd a good many years ago. 
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Another reason for advocating this is, the advisability of having an 
association at hand that could decide upon details of coiistnictiou 
promptly, without the necessity of going all the way to London. In fact 
the tendency of the age is decentralisation. 

I have no animus against Lloyd's as such, but I do rcineinlK>r that 
the influence of the Liverix)ol Registry was l)eneficial to the sliipping 
community, in so far as it forced Lloyd's to modify their rules in the 
direction of a more scientific adjustment and distriliution of materials and 
weights in relation to the structure dc<ilt with. 

I think I am justified in stating that if Mr. Richardson liad Inmn 
permitted to continue his speech, he would have shown that vi^sstils built 
ten, twelve, or fifteen years ago, according to the rules of tliu LiverjMM)! 
Association, had the scantlings better arranged ; tliat, given two V(>hhcIh 
of similar dimensions, the one built according to Lloyd's rules of that 
day, and the other according to tlic Liverpix)l rules, the latter would 
carry more cargo and be a stronger vessel. 

A shipbuilder and draughtsman, of the highest standing on the Tyue, 
prepared some years ago plans of vessels built according to the rules m 
the two societies, which clearly showed to the advantage of the ljiver|)ool 
Registry. The Liverpool society did good while it lasted, and I think it 
a pity it should have been allowed to lapse. When the Liverpo(»l society 
was initiated it could not have had the support whi(!h a new so<ri(^ty for 
the North-East Coast, and embracing the Sa^tch poits, would have at 
the present time ; therefore if it was exi)edient to inaugurate a soci(;ty in 
Liverpool at that time, it could not be inex^HMlient to inaugumte a similar 
one on the North-East Coast now. I think I am justified in saying that 
there is a very much larger amount of Umnage and of cjipital obtainable 
to start with than was the case when the Liver|M)(»] association Ixtgan. 

With respect to the remarks made i\h to the values insure<l in Lcmdon, 
LiverjKK)!, and CilaRgow, I don't think that has anything to do with the 
question. It is singular that, whereas in 1 88:i a very strong movement was 
made here for a like puri)osc to that now advocated by Mr. Mtictirthy, 
those who were so prominent at that time in endciivouring to get up 
an East (yoast Association 8h<.»uld now throw cold water on the present 
scheme. I have an idea of my own as to the reason, which may l>e 
wrong, therefore 1 won't state it. 

Subsequent to Mr. Richardson's remarks, the discussion at Newcasth*, 
became ixirsoual, fault was found with Mr. Macarthy commencing his 
paper by modestly stating he was not technically acquainted with the 
subject. It is a very common tiling for people coming before such an 
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institution as ours Lo preface their ruiuarks, or ibeir paper, in this way, 
imd [ don't think that [uodeety of lliat surt Is so objectionabte as to call 
Ibith tiie aueeriuf; remarltB madt- by ceriaia speakers, I think a little 
modesty is rarely, if ever, out of place, 

Mr. Prii» seemed to me to take Mr. Kartell under his wing. Es/>rif 
lid roi-pg is »ti admirable quality, bat did that quality exist so strongly 
fifteen years ago when the Liverpool Registry was in exiet«uoe in 
reference to Lloyd's ? 

With rcganl to Mr. Maitell's speech, which I oonsider was quite out 
of place, as if Lloyd's had been in any way attacked, it shonld have been 
lefb to some of the local representatives, who are members of this associa- 
tion, to have taken up biie cudgels. The speech in question was in the 
very worst taste, and, however effective as a piece of declamation, did 
not tonch the pHrticular object of the paper. 

In referenoo to the particiilai' question of oil tank steamers, Mr. 
Swan let Mr. Martell and Lloyd's down very Ughtly. Whatever Mr. 
Mart«ll may now say, at any rate. In August, 1885, when I went to 
him with a view of getting a vessel classed, or class continued, as an 
oil tank steamer carrying the oil against the skin, he, as the technical 
adviser of Ijloyd's at the time, alisolutely vetoed my scheme, and could 
only SCO as far as '■ Svcts'" iirningements. It is all veiy well for Mr. 
Martell to say now that they did not put any olistructions in the way of 
oil tank Bteamei-s, hut, as u matter of fact, they did in my case, and I 
believe Mr. Swan holds the same opinion. The reasons given by Lloyd's 
fur refusing to allow the oil to Ijc carried to the skin were so puerile 
that I wonder anyone of common sense, much less a man of Mr. MarCell's 
attainments, would have given expression to them. I do not presume 
to apeak for Bureau Veritas, Mr. Richardson said all that I would feel 
disixraed to say; but this 1 do say, my deliberate opinion is, that 
hud it not been for the w:li<M of Veintas in i-eluiion tu oil tank 
steamers, Lloyd's would have left m where they said we should remain 
in August, 1885. So fur as the local officers of Lloyd's are concerned, 
1 have had much to do with them, I have the very highest opinion 
of them, and I do think u more worthy hody of public servants oonld 
not be found. But that does not settle the objection to the action 
of Lloyd's as a registration associatiou, nor does it dispose of the 
value or merits of Mr. Slacarthy's [laper as to the " advisiibility or 
practicability" of having an Bast Coast Registration Association. I 
think we ought. 

Youi-B tridy, 

TiiouAH McNauu. 
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THE STRENOtTH OF BOILERS. 



By JAMES C. SPENCE, M.I.N.A. 



[Read bbfobe the Institution on Novembbb Sth 1889.] 



For many years the opinion has been gaining gronnd among 
engineers that the rules at present in force prescribe a greater thickness 
for the shells of marine boilers tlian practical experience shows to bo 
necessary. The engineers of H.M. Navy, acting on this experience, 
have recently made great reductions in the thickness of the shells, 
without making any corresponding reduction in the thickness of other 
parte of their boilers. Mr. A. C. Kirk, speaking at last year's annual 
meeting of the Institute of Naval Architects said, that if the designers of 
boilers for the mercantile marine were their own masters, and not sub- 
ject to official control, they would long since have altered their practice 
in ihe same direction. 

The object of this paper is to bring before this Institution a new 
method of calculating the strains on boilers which, if correct, would allow of 
making enormous reductions in the tiiickness of marine boiler shells, with- 
out making any reduction in the factors of safety or any radical change 
in the designs. An examination of the present theory on the subject, and 
a reference to one or two elementary principles, will put in a clear light 
the diflference between the proposed theory and that now in use. 

Fig 1, Plate III., represents a narrow section through a cylindrical 
vessel subject to internal pressure. For good and sufficient reasons we 
reckon that the pressure tending to rupture this ring is equal to its dia- 
meter, multiplied by its length, multiplied by the pressure per square 
inch ; that this pressure is resisted by the tensile strength of the two 
sections, A A and B B ; and is measured by twice the thickness of the 
ring multiplied by its length, multiplied by the tensile strength of the 
material of which it is composed. Reasoning on this basis we find that 
the strength of such a ring may be expressed as a fraction thus: 

f ¥ f f * — - ^ thickness of ring x length x strength of plate 

laCvor 01 satetiy — ,1 ; — ' — i — ~i 

•^ diameter x length x pressure 

And as the length of the ring affects to an equal extent both the buret- 

ing pressure and the section resisting bursting, it may be cancelled from 

both sides of the fraction. Hence we infer that the strength of a 

ring varies directly as its thickness, and inversely as its diameter, and is 

independent of its length. 
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As all (^lintMcal veseels may be considered as made np of b a 
of narrow rings, it in assiuned that their streDKth is independeDt of 
their leDgth, that it varies directly as the thiekcess of their shells. ai 
inretBCly aa their diameter. 

This general i sal ion is adopted ffiihont modiRcation as the baas oa 
which the Hhell Bcantliu;rs of all cylindrical boilers are proportioned. It ti 
accepted ivithnnt qneation by all practical men, even by thoae who are 
TOgnely conacions that it prescribes an excessive tbiokness. It ia ui^bt 
nnth on ta lively by all professors and nriters on the subject, aud it ik 
enforced by nil the power of the double censorships Board of Trade and 
Lloyd's — under which engineers are forced to work. But as it is of 
much greater imporbLDce to have our practice right than to be unanU 
moua in our theory, tlie writer asks you to weigh, with minds unbiasacd 
by this weight of authority, the ariioments which he considers prove that 
our present theory is absurdly wrong — that it i» a fraction of the truth 
mistaken for the whole truth. 

For a boiler is not an open ring, nor a series of such rings, but s 
structure composed of a short rin>; and two strong ends. The strength 
of the stmctare ia partly dependent on the strength of the ends, and the 
proportion of length to diameter is not, as we have hilheito supposed, a 
matter of indiiference, but a matter of vital importance. 

To make this evident we have only to e.xiimine an extreme case. 

A A (Fig. i, Piute III.) is n hat boiler plate f of an inch thick, 
riveted to two strong Hanged plates B and 0, 1 :; inches apart, »ud having 
an unsupported strip 6 inches wide between flanges. This plate woold 
be capable of standing a pressure of 100 lbs. per inch. To roL this plate 
into a circle would oei-tninly not weaken it, and therefore if B and 
were to represent the ends of a cylinder 1 foot long, and A A represented 
the shell of that cylinder, then we might make the diameter of that 
cyhnder as great as we pleased without any increase in the thickness ot 
shell, which would never be weaker than a flat plate, aud as the length 
of section of end plate resisting rupture would increase directly as the 
diameter, we might safely assume that the ivhole bursting pressure would 
be borne by the ends, and neglect as of no account the strength of shell 
plate. In fact, the greater the diamot«r of this short cylinder, the more 
evident it is that its strength depends ou its ends and nut on its slicll. 

From this point of new, the strength of cylindrical vessels, with ends 
securely fastened to shells, depends on the resistance to rupture of tha 
shells and the ends. In very long vessels the shell bears such a large 
proportion of the total strain that we may leave the cuds out of our ciiU 
oulation. In very short vessels the ends bear so large a pro|jortion of 
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the total strain that the 8treii<cth of t))o shell may be i^ored ; bnt in 
mtrine boilers^ where the ratio of leugth to diameter approaches e<iuality, 
it cannot be safe to deal with either factor as the sole one. 

We have now to consider the distribution of strain on the different 
parts of shells and ends of short boilers. 

Fig. 3, Plate III., representn a rectant?ular box ir> inches long X 

10 inches wide, closed with a flat lid. If this were filled with steam, at 

a ppesBure of 100 Ibe. per inch, the pressure tending? to lift this lid wonld 

be 15 X 10 X 100 = 15,o00 lbs. No one who has ever adjusted, <»r 

^ even seen, a weighted lever safety valve, can doubt that a single weight 

applied directly over G, the centre of the rectangle A B C 1) would 

exactly balance the internal pressure. We also know that the shape of 

the lid of this box might be altered to any form we pleased, and the total 

weight and the position of its resultant would remain unaltered. The 

lid might be made as shown in Fig. i, Plate III., a half cylinder 

15 inches diameter x 10 inches long ; or it might l)e made as shown in 

Kg. 5, Plate III., a half cylinder 10 inches diameter x 15 inches 

long. Still a weight of 15,000 lbs. applied at the centre G of the 

rectangle would exactly balance a pressure of 100 lbs. jxjr inch in 

the box. 

Instead of balancing the pressure of steam tm the flat lid (Fig. 3, 
Plate III.)» by a weight applied over its centre we might balance it by 
bolting the lid down with the bolts shown in Fig. (>, Plate III. Now, 
if a load is supported by two or more supjxjrts the pressure on these 
Bupporta will be e<|ual if they are equally distant from the load, but if 
they are unequally distant from the load then the pressure on each 
snpport will be unequal, the nearest supix)rt getting the most, the most 
distant the least part of the pressure. The pressure on each support 
varies inversely as its distance from load. Looking now at Fig. we 
see that the strain supijorted l»y the bolts in the flange is exactly equal 
to a single load at G, and the bolts are not all equally distant from this 
point. Thus the bolt marked 1 is the nearest, '2 is the most distant, and 
3 is intermediate iKJtween these. The dotted column over each of these 
bolts sliows the relative pressure on each, which is greatest over 1, least 
over 2, and intermediate over 3. 

If instead of the flat lid, we were to close the box by lids 
shaped like Fig. 4 or Fig. 5, Plate III., but held down by bolts, 
arranged as in Fig. 0, Plate III. Then in all three cases — the flat 
lid, the short cylindrical lid, and the long cylindrical lid — the total 
pressure would ])e the same, the position of resultant would bo 
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the anme, and ponseqiientlj the strain on each bolt innst necessarily be 
the Bame. This strain is nbEolntt-Iy independent of the fbmi of th« 
cover, it depends only on the distance of the bolt from the centre of 
reotang:Ie, If this is trne then it follows that if Pi^, 7 and Fig. 8, 
Plate IV., are two cylindrical resaeU, one of them being 15 feet 
diameter x 10 feet long, the other 10 feet diameter x 15 feet long, 
both BDbject to a pressnre of 1 ton to the foot, then tlie pressure t«ndiDg; 
to bnrst these vessels in any direction, f=ay for instance, to lift the top 
half from che bottom half, is in both cases 10 feet x 15 feet X 1 
ton = l.iO tons. In both cases this pressure has a resultant passing 
through a the centre of the rectangle. In both cases the metal in the 
plate sections A B, B C, C D, nnd 11 A resist this pressure; and in Iwlh 
coses the strain at any point in t.hts plate Rection ia independent of the 
form of the top and the Iwttom half, bnt depends solely on ita distance 
from G, 

Fig, 9, Plate TV., gives a diaj^i-am of the strain coming on each point 
of a rectangle 15 feet x 10 feet on the hypothesis that the strain at each 
point varies inversely as its distance fi'om G, it is greatest at D tvhea 
the distance G P is least, it is least at where the distance G ia 
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greatest, at 6 the strain is less than at D 

The area of the curved figure A K M represents the total strain on 

A C. The area of C N P E represents the total strain on C E.* 

We can now make n complete comparison l:)ctwccn the theory hitherto 
in nsG and ' that offered for your consideration. Both theories assume 
that the bursting pressiu'e on each of these sections (Figs. 7 and 8, 
Plate IT.) is the same in magnitnde and direction; but the first of 
these assumes that in each case the total strain is borne by the shell 
jilates B C and A D, that this strain is distributed uniformly 
along those lines, and that there is no strain on end plates A B 
and B C. While the second theory assomeB, that the total 
strain is distributed over each i>oint of the section resisting fracture, 
that it varies inversely as the distance of each point from the centre of 
the section, and that it is the same on each point of the rectangle (Fig. T, 
Plate IV.) as in the corresponding point n f the rectangle (Fig. 8, Plata 

■ If (A) and (B) are two sides and (C) in Ihe diagonal 
t strain varjirin as above then — 
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IV). This of course assnmes that the structure is stroug enough to 
fitiiod the prossarc brought upon it. If, for instance, the end plate in 
Kg. 7, Plate IV, were too weak, and either fractured or stretched 
bejood its elastic limit, then, and then only, a greater strain might come 
Qpoa the shell plates than is hei-e estimated, but until the end plates ai-e 
'wctored or crippled they must bear their due proportion of the strain. 

If this new theory is connect, we can now see the magnitude of the 

errors we have been committing. The ai-ea of C N P E (Fig. 9, Plate 

IV.), is very nearly twice the area of C M K A, and consequently in a 

boiler 15 feet diameter x 10 feet long, only one-third of the total pres- 

nire comes upon the shell plates and two-thirds on the ends. In a boiler 

10 feet diameter x 15 feet long, two-thirds of the total comes upon the 

shell aod one-third on the ends. It is also evident that if the diameter 

of a boiler equals its length, its section will be a square, and the strain 

on each of the four sides of that square will Ixi e<iual, and therefore 

one-half of the total strain will be earned by the shell, one-half 

bj the ends. That is to say, if we allow for the strength of the ends as 

well as the shells, then — 

In a boiler where iliam.«= | length, Bhull-plates f the thickuess now use<l would tiufllcc. 
„ „ I diam. = length ». i „ » }» 

If it is true that the ends of boilers bear the above share of the pressure, 
tending to ruptm'c the cylindrical shells, then the theory that tells us 
that we may neglect their strength has led us into other errors, besides 
that of wasting material in making our shells excessively strong. For 
while we have been racking our brains to siive another half jxircenta^^e 
of plate section in shell plates, we have riddled our end plates with tube 
holes, and cut out great holes for furnaces and dooi-s, as if in fact, as in 
theory, their strength was of no importance. That no disaster has 
resulted from this may Ixi due to the fact that we have vast reserves of 
strength never considei-ed, that our iiirnace holes are compensated by 
strong furnaces, and that we have a large factor of safety which covers a 
multitude of sins. 

Again. If a boiler is made throughout of uniform strength, all 
the parts will elongjite together, if the pressure exceeds the elastic limit 
of the material the rivet holes will elongate so that leakage will prevent 
any explosion or sudden fmcture, but if our boilers consist of very strong 
shells and weak ends, we run the risk that fracture might take place 
through a weak i)art of front, before the uselessly strong joints of shell 
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commenced to Icitk. TImt is to Bay, in a ImiIit wlieiv tht; Btrenstt of 
eacb pnrt is pro])ort!oned to its straJD, the worst risk we run is that of 
leakage, but in a boiler where the greatest strengtli in piitwht^ru the least 
sti'ain comuB wc run the risk of explosion. 

At this point our ai-gument might !w concludi>d, but as it assuinea 
thai we have ail been led astray by wbar, seemed to be perfectly sound 
reaaoning, can we venture tu revolationise our practice in ncconlsnce 
with this new theory ? To this it might be answered that it is better 
to tiTiBt to a theory which allows for two factors in a pioblum, than to 
a theory which avowedly neglects one of these facUirs, cHpccially when 
we find that the neglected one is frequently the moat imporlnut of the 
two. There is, however, a much 1>etter answer than this, there is 
ready to our hands actnal experimental proof, not only that the old 
theory is wrong, but also that the new theory here proponnde*! is a very 
close approximution to the truth. 

This proof is to Ite found in the series of experiments recently made 
by Mr, John l^cott, who read a paper on the strength of boiler shells 
at the lust meeting of the Institute of Naval Architects. 'I'he figures, 
facta, and urgnments brought ont in this discnssion are iii>w to be 
considered. 

Mr. Scott built a boiler 7 feet JS inches diameter x 11 feet long, 
consisting of shell, ends, and stays, omitting fumnces, combustion 
chambers, and tubes. He tried to test this to destruction, but only 
succeeded in making it leak. This result admits of a very simple 
explanation. The shell was built of steel plate, having an elongation of 
from 25 to 29 per cent. This elongation, as you are aware, is not 
produced uniformly. Ueluw the clastic limit the elongation is bo 
small that it requires delicate measurement to detect it, but when the 
strain reaches this limit the elongation increases rapidly imd suddenly, 
at the same time, the urea of the section begins to wmtract rapidly. A 
test piece sliglitly elongated by a strain below its elastic limit, returns 
nearly to its original condition when the strain is released, but when 
the strain haa eiceedud that limit the piece remains stretched and the area 
contracted. 

Now, it is evident that a boiler built of steel of this description can not 
be strained by water pressure to much aiiove the elastic limit of the 
structure, for at this point the rivet holes would all begin to stretcli 
rapidly, and the thinning of the plates would destroy the eflicieucy of 
the caulking, and a boiler with rivet holes stretched and caulking 
I started could not hold water at a high pressure. 
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JUm k exactly what happened with Mr. Scott's boiler at a pressure 

of 630 Ihs. to the inch — the leakage overpowered the pumps. Having a 

Toykrge water sapplj they were able to keep up this pressure for five 

nunntes, hot unable to increase it. When the pressure was reduced it 

m fbond that it had produced no fracture, and no serious disturbance 

of the stnictnre, proving that the elastic limit had not lieen greatly 

ttoeeded. For had the strain approache<l the breaking strain of the material 

^ experimenters would have seen a very serious disturbance of the 

stroetiire. They would have seen it swelling visibly before their eyes. 

These oonnderations and a comparison of the final test with previous tests, 

^ lower pressures, show that the strain on shell plates had reached and 

pttBaed the elastic limit, but they also show that the strain was far below 

^ point of rupture. 

Now, if the old theory that all the pressure came i>n the shell was 

<^orrect, then the strain on the solid plate of shell was 78 per cent, of its 

oltimate strength = 22 tons ]^)er inch; the strain on shell plate in line of 

rims was 03j per cent, of its ultimate strength = 2(» tons per indi, and 

noder that strain the boiler held water at a pressure of G20 ll«. for five 

minutes. Yet Mr. Manuel, in the discussion that followwi the reading of 

this paper gave a series of tests with a riveted joint similar to that useil 

in the experimental boiler, and showed that the elastic limit was reached 

at 15| tons i>er inch ; that the joint was to all intents and purposes 

crippled as a joint, with a strain of 20 tons to the inch, although it did 

not finally rupture till the strain was 28*7 tons to the inch. And we are 

supposed to believe that this In^iler held water for five minutes at a 

pressure of 620 lbs. when strained to 20 tons to the inch. 

If, however, we allow for the strength of the ends (as in Fig 1>, 
Plate IV.), we find that only (5:^ per cent, of the total strain comes on 
the shell, 87 per cent, coming on the ends. On this hyjwthesis, the stniin 
on shell plates, under a pressure of r.2n lbs., was ir»| tons to the inch. 

Now, Mr. Scott gives the elastic limit of plates, similar to those 
used in his boiler, as 1 G^ tons. Mr. Manuel gives the eliwtic limit of 
joints as from 14 to 1(» tons. This lioiler, which all the evidence pi-oves 
to have been strained just above its elastic limit, sustained a pressure, 
according to the new theory, of 16^ tons per inch, according to the old 
theory of 26 tons per inch. The inference drawn by the writer is that 
the old theory is wrong and the new one is right. 

Let us now conclude this paper with a sliort summary of the argu- 
ments used therein. After noting that practical experience had led many 
engineers to the conclusiun that the rules now in foix:e prescribe an 
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lastve thicknesB for the shell yUles of marine boilera, we examined ; 
I tiioory OD wliich tlieae rules urc \>aacil, and found that it was a theoiy 
I only true foe opt'U-eiided ringB, which might \<t approximately true for 
I long Ixiiiere; but for short boilers of the marine tyjie was manifeatly 
I untnie. Wi; then eoiisidcred the casi; of ii very short boiler, and saw 
I tliat in Buoli a cnse the strength of the shell instead of Iiein^ the sole 
I txinsideration was a small fmctiuu that might be nGglet-tc<], and the whole 
|«trength of boiler to resist rupture might Ik reckoned as that oF the end 
I platee. 

We then, by referencii tu the simplest and most elementary &ate, 
|.Bbuwed that the distribution of strain on a given section did not depend 
n the fonn of the vessel of which tht section was a part, but only on its 
I area and presKure. Froni this we inferred that in two Iwilers of which 
[•'the length of the one e<jiiall(»] the diameter of the other, as these would 
f have a I'ectunguiar section equal in all i-cspccts to each othei', the strain 
\ at any point in this rectanglo would be precisely the same for both 
boilers. 

We then estimated the ditTerence of the thickness of shell plates pre- 
Bciibed by the old and by thi; new method, and found in three typical 
proportions of Iwilers that — 
Id one case the old rules require a thickness one half greater than the aew 

theory. 
In another case the old rules require a ihickness twice as great as the 

new theory. 
Ill a third case the old rides i^Hiuire ;i thickness tlii-ce limes as great as 
the new theory. 
We thm noted that if the new theory were con-ect, then our old theory 
bad led us to commit, at least, two other serious errors. And finally, 
by an appeal to the best and moat I'ecent experiments on the strength of 
a boiler, we found that these experiments were inconsistent with the old < 
theory, and agreed with great exactness with the new one. 

The two theories are now before you, and it is for yon to dioose 
I which you will tnist — the old theory, which ignores one-halt of the 
L problem, or the new theory, which takes ac^xjunt of both elements 
[ in the strength of short boilers. 

The President said they had heard Mr. Sptnce's papei', and had 
I Btill some live or ten minutes lor disenaaion ; but it appeared to him it 
would Iw better to tliink the subject over, and be prepared to discuss it 
Bt the next miteting. 

This suggestion was agreed to, and the meetinfr disjH,Tsed. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS AND 

SHIPBUILDERS. 



Sixth Session, 1889-90. 



PROCEEDINGS. 



THIRD GENERAL MEETING, HELD IN THE LECTURE HALL OF THE 
LITERARY AND PHILOSOPHICAL SOCIETY, NEWCASTLE-UPON- 
TYNE, ON MONDAY EVENING, DECEMBER IGth, 1889. 



F. C. MARSHALL, Esq., Pbbsident, ik the Chaib. 



The Secretary read the minutes of the preceding General Meeting, 
held in Sunderland, on November 8th, which were approved by the 
members present and signed by the President. 

The ballot for new membere having been taken, the President appointed 
Messrs. A. Taylor and M. Sandison to examine the voting papers, and the 
following gentlemen were declared elected : — 

MEMBERS. 

Bastow, WiUiam W., 112, Scarborough Street, West Hartlepool 

Bodin, Lanritz M., 27, Argylc Square, Sunderland. 

Brown, George, c/o Messrs. C. S. Swan, Hunter, & Co., WaUsend-on-Tyne. 

Casebourne, Cliarles Baston, Greatham House, Greatham, near West Hartlepool. 

Coulson, Robert, Fountain's Terrace, West Hartlepool. 

Cowens, William Edward, c/o Messrs. John Abbot & Co., Gateshcad-on-Tyne. 

John, Eklmund, Barry Dock, Cardiff. 

Kirkaldy, William, c/o Messrs. Wigham Richardson & Co., Neptune Works, Low 

Walker-on-Tyne. 
Matheson, William, c/o Messrs. R. &. W. Hawthorn, Leslie, & Co., Hebburn-on- 

Tyne. 
Phillips, John, 84, Blackfriars* Road, London, S.E. 

VOL. VI.— 1889. J 




PRrtOBBDINGS. 

Sharp, Mnrb. 144, Albert Road, JtirniH-on-Tyne. 
Strong, George Aaron, West Percy Street, North Shields. 
Thaw. Thomaa, 8, Argjla Street. JJewcastle-on-Tjne, 

ASSOCIATES. 

Bigge, C. W., Northern CountioB' anb, Nc«ca«tlc-on-Tjne. 
Kmo, Robert Reid, Ouildhnll Chorobcrs. Quay, Newcastle .on-Tjna. 

GRADUATES, 
Blake;, John Hvurj, G, Cambridge Street, Newcastle -on. Tjiie. 
KeeD, Henr; Bernard, G, Beauclere Terrace, SunderUnd. 
lAndor, John, c/o Meaara, Wigham Ricbardson & Co,, Low Walker- 
Moffatt. Jamas, 3, Lower Crescent, Belfast. 
NlcholBoo, Philip Foster, Sandfleld, West Boldoii, near Sunderland, 



DEPUTATION TO LLOYD'S. 

Tho PiiEHiDENT reported that Mr, Price aod himself waited upon 
Lloyd's Committee iu London, together with certain representatives from 
the Clyde Shipbuilders, the Wear Shipbuilders, the lastitutiou of Naval 
Architects, London, the Greenock Shipbuilders, the Tees and Hartlepool 
Shipbuilders' AsaociatioD, and the Institution of Kngineers and Ship- 
bailders of Gla8<;;ow. They were *'ery courteously received by the commit- 
tee. Mr. Ward, of Dumbartoti, put the case very strongly from the Scotch 
point of view, and Mr. Price aud himself had the honoar of speaking on 
behalf of that Inst i tut ioD— each of them taking different phases of the 
bearing of the action of Lloyd's Committee upon the interests of ship- 
building, as they affected shipbuilders themselves aud the public at large. 
Naturally, they could not expect an answer from them at the time, nor 
had they received one yet. The chairman simply expressed his gratifica- 
tion at having heard them and assured them that the committee would 
give the matter their most serious consideration. Shorthand notes were 
taken, and they were favoured with copies of them. He did not know 
that they were quite at liirerty to make them public. He thought the 
matter was scarcely sufficiently advanced for them to deal with it at present, 
but he WHS quite sure that if they had heaid the representations made to 
the committee they would have been satisfied that they had a very good 
case indeed. 
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MEDALS TO BE AWARDED. 

The Prssedknt then stated that he had a very pleasing piece of 
intelligenoe to commanicate^ and that was that the members of the Ooan- 
cO had taken great interest in the raising of a fund for medals to be 
awarded for the best papers on naval architecture and engineering written 
dnring the session. They had succeeded so far, that two of their number 
in the Hartlepool district had contributed the very handsome sum between 
ihem of £274, to be funded, and the proceeds to be spent in purchasing 
two gold medals annually, one for naval architecture and the other for 
engineering. The making of the awards was to be left entirely in the 
hands of the Council, the members of which were exempted from sharing 
in the competition ; and he thought he might iiirther state that matters 
had progressed so far that a special medal would be provided of similar 
size and value for the Graduates of the Institution. The Oouncil had not 
quite decided the matter yet. It was under consideration, and he thought 
the probability was that they should have a naval architecture medal and 
a marine engineering medal, and a medal for the Graduates of the Institu- 
tion. They all owed a debt of gratitude to their Hartlepool friends for 
the steps they had taken in this matter, and he could only hope that it 
would induce some of the shipbuilders and owners on the other large rivers 
to take a similar step. They could very well dispose of scholarships and of 
awards for papers in this way in that Institution. 
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Mr. J. 0. Spenoe read an Appendix to his paper on *' The Strength 
of Boilers." The paper was then discussed, after which Mr. Oharles 
B. Oasebotjbne read a paper on " The Oonstraction of Marine Boilers 
with a view to the use of Higher Pressures." 
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APPENDIX. 

THE STRENGTH OF BOILEES. 



By J. C. S PENCE. 



[Bead befobb the Institution on Decembeb 16th, 1889.] 



Haying been requested to show by some practical examples, the 
application of the principles advocated in the paper which the author 
had the honour of reading at the last meeting, he has great pleasure in 
submitting to you the calculations for the two boilers. Figs. 10 and 11, 
Plate v., Fig. 10 being a boiler 15 feet diameter x 10 feet long, Fig. 11 
being 10 feet diameter x 15 feet long, both of them being designed for 
a working pressure of 160 lbs. 

In Fig. 9, Plate IV., A C E F, a rectangle 15 feet x 10 feet, 
represents a section through any diameter of either of these boilers, 
A C representing an end in Fig. 11 and a shell plate in Fig. 10, C E 
representing a shell plate in Fig. 11 and an end plate in Fig. 10. 
The argument given in the former paper was intended to show that 
the pressure in each of these two boilers produced a direct tension 
on this section, perpendicular to this plane, in each case equal to 
15 feet X 10 feet x 144 x 160 lbs. = 3,456,000 lbs.; in each case the 
resultant of the pressure on all points of the boiler passes through 6, 
the centre of this rectangle, and in each case the tension at any point of 
this section is independent of the form of the boiler, it depends only on 
the total strain and the distance of the point irom 0. 

The curved diagram A K L M C, Fig. 9, Plate IV., represents the 
tension at each point of the line A C, and the curve C N P E represents 
the tension at each point of the line C E. The scale of these tensions is 
shown at the margin of the diagram, from which it will be seen that — 

The tension at D is about . . . 8,200 lbs. per inch of length. 
„ „ C is ... ... =4,500 lbs. „ „ 

The average tension along line E C = 5,500 lbs. „ „ 

„ AC = 6,000 lbs. „ 

The tension at C is = 4,500 lbs. „ „ 

„ „ Bis ... ... =5,500 lbs. „ „ 

Taking the tensile strength of plates at 12,500 lbs., and the strength 
through riveted joint at 10,000 lbs., and applying these figures to Fig. 10, 



Plate v., we find that the ahell plates sUould be made J inch thick 
to stand a mean tension through joints of 5,000 lbs. At the ends these 
shell plates will be 10 per cent, thicker, and at the centre 10 per cent, 
thinner, than is required ; bnt, considering that at the centre the 
plates are doubled for about 5 inches, giving double strength at the point 
where the greatest tension comes, the ftTiter considers that | inch plates 
would suffice. In any case, if the shell plates were made '55 inch thick, 
they would be strong enough for the maximum strain. 

Let ufl next consider the end plates of this boiler. For the back 
plate a uniform thickness of J inch would be sufficient for a strain vary- 
ing from 8,200 lbs. to 4,500 lbs., and haying a mean value of 5,500 lbs., 
and as, for stiffness, we make the back plate | inch or more in thicknesa, 
it ia imnecessary to make any alterations in our present designs in order 
to carry this pressure. With regard to the front plate the question is 
much more complicated. The holes cut in this plate for the furnaces 
appear at first sight to ]>e a great source of weakness, but the strength 
of the furnaces compensate in great pait for this, and the pressure 
inside the boiler tending to coilapsc the furnaces balances, to a certain 
extent, the bursting pressure in the front plate in line of furnaces. 
Assuming that the pressure on the furnaces and the strength of the 
furnaces combined compensate entirely for the hole cut in furnace front 
plate, then we might use a | inch plate for furnace front to correspond 
with the I inch plate in boiler back. The top end plate is usually made 
of much gi'eater thickness, to allow of the stays being widely pitched. 
If we make this plate 1^ inches thick, we know that it will be sufficient 
for the tension we are now considering. 

We now come to the tube plate. In this case the tubes, which 
are either screwed or espanded into tube plate, do not afford any 
support to the plate in compensation for the holes cut for them, and if it 
were necessary to make each part of the plate stroi^ enough to support 
the strain on it, the tube plate where pierced for tubes would require to 
be 2j inches thick. If on the other hand it is considered sufficient to pat 
in enough plate section to carry the total strain, then a j inch plate, 
stiffened between the nests of tubes by doubling plates 1 inch thick, 
would give the plate section required. For the horizontal section of tube 
piato is weakest, being pierced by 31 holes ; the vertical section is only 
pierced by 14 holes, and is stiffened by the thick top end plate, and any 
other section will be intermediate between these, so that it is only neces- 
sary to consider the horizontal section. If that is strong enough for its 
work, all other sections will be. The total strain on this is 1,140,480 lbs,, 
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and reqaires a sectional area of 91 square inches. The length of tlie 
tube plate counting in the two flanges, which certainly ought to l)e 
oonnted, is 16 feet 4 inches = 196 inches; deducting the length cut 
away bj 81 tubes 8^ inches diameter, we have a length of 196 inches 
— lOOf inches = 95J inches. If this is | inch thick, we have a plate 
aection of 71*4 inches, in the two doubling plates 10 inches x 1 inch we 
have another 20 inches of section, making a total of 91*4 square inches 
of plate section, the area required being 91. In the drawing the tube 
plate is shown | inch thick, which gives a section of 108 square inches. 
If this is considered insufficient, under the circumstances, there could be 
no serious objection to making this plate 1 inch thick. 

We now come to the boiler shown in Fig. 11, Plate V., and we 
will first consider the shell plates ; the strain on them is represented by 
the diagram ON OPE. The tension on the two end courses varies 
from 4,500 lbs. at ends to about 7,250 lbs. where they join the centre 
coarse, with a mean of about 5,900 lbs., which corresponds to a thick- 
ness of plate of '59 inch, in the drawing these plates are marked f inch 
thick. On the centre course the tension varies from 8,200 lbs. at the 
centre to 7,250 lbs. at the junctions with end courses, the mean tension 
being about 7,700 lbs., corresponding to a thickness of "77, this course is 
shown in drawing as | inch thick. 

The strain on end plates, represented by A K L M 0, has an average 
of 5,000 lbs. per inch, or a total strain of 587,500 lbs., requiring a 
plate section of 47 square inches. The tube plate, if | inch thick, 
pierced by 18 holes, 3J inches diameter, would give an area of (136— 58^) 
I s=: 58*9 square inches, 47 inches being all that is required. In this 
boiler the thickness of plates required would be as follows : — For centre 
course of shell plate, | inch ; for end courses of shell plates, f inch ; for 
top end plates, 1^ inches (to suit pitch of stays); for furnace fronts and 
tube plates, | inch. 

The basis on which the whole of the foregoing arguments are founded 
is that the tension on any section of a vessel subject to internal pressure 
is independent of the form of the vessel, consequently the thickness of 
plates specified above would do equally well, so far as tension is con- 
cerned, if the vessel was made rectangular instead of circular in section, 
provided the flat top and sides were stayed sufficiently to form a practically 
rigid structure. We know that a rectangular boiler built of these scant- 
lings could not stand a pressure of 160 lbs. per inch, unless it was stayed 
strongly, and we have now to enquire whether the circular boiler under 
consideration requires or could be strengthened by stays. 
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If we coDfltder the boiler as composed of a aeriea of discoiuieoted rings, 
then clearly a sheU plate, ^ inch thick, would not be aufficient for & 
boiler 15 feet diameter, at a preBsnre of 160 lbs.: or if we made b 
similar mistake and treated the boiler as if, like » barrel, it waa composed 
of a series of disconnected etavea placed aide bj Bide, then also each of 
these staves would bend under the pressure. Bat if we consider a boiler 
u a structural whole, no part of which can be strained from its Dormal 
position without bringing a strain in every other part of [he structure, 
then we must conclude not only that these boilers require no staying, 
bnt also that they cannot be strengthened by stays. Of course, these 
remarks apply only to the circnlar shell and not to the flat ends. 

Consider a pair of 
preesnres applied at P 
and P', two poinlfl 
opposite to each other 
in the shell of a cylin- 
drical vessel, midway 
between the ends. The 
model before you pro- 
bably shows this more 
clearly than the dift- 
gram. If the vessel 
were composed of a 
series of disconnected 
rings, the only effect of 
these preBBures would 
be to stretch the ring 
which contained P P, 
but if the vessel were 
made like a boiler in 
pieces, firmly secured together, then neither P nor P' can move without 
stretching every line connecting either of these points to each point in 
the two ends. It is impossible for the ends to i-ei,«ive any part of the 
strain on P without reducing to a corresponding extent the strain on the 
ring, and, conseqnently, the tension on each ring in a lioiler is very much 
lees than we estimate when we take no account of the ends, and the strain 
in any narrow section of the boiler is not the whole strain due to the 
preEsnre within that section, but only that part of it which is not tending 
to stretch the end plates. If, then, the ends of a boiler in any case carry 
two-thirds of the total bursting pressure, only one-third of that total can 
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come upon the ring of shell, and a shell plate made to carry one-third of 
the total pressure would be strong enough, would require no staying, and 
could not be strengthened by stays. 

Again, if this vessel were made of disconnected staves the pressures 
at P and P' would bend the two staves A A and B B both outward from 
the centre, but being connected rigidly together, the pressure at P tends 
to bend the vessel as a whole upward, while the pressure at F tends to 
bend the vessel as a whole downwards, the two moments of flexure about 
the neutral axis, being exactly equal and opposite, cancel one another. 
If we neglect the weight of water in a boiler, which makes the pressure 
on the bottom rather greater than the pressure on the top, then as 
every point in a cylinder has a point opposite to it at which the pressure 
is equal, the bending moment due to the pressure at any point is balanced 
by the bending moment due to the pressure at the opposite point. 

The President — There is one thing I would like to be perfectly 
clear about: do you calculate, for the purpose of your argument, the 
whole pressure upon this point ? 

Mr. Spence — By no means. 

The President — You say, ** Consider a pair of pressures concentrated 
here." 

Mr. Spence — Just so; I take this square inch in the centre of the shell 
and suppose it has a pressure of 160 lbs. on it tending to bend the whole 
boiler as a beam upward, then I say there is a point exactly opposite this 
subject to an equal pressure but in the opposite direction, and these two 
movements cancel each other. 

The President — I rather gathered that you said that the whole 
strain &om here to here was concentrated at this point. I gather firom 
you that that is not so ? 

Mr. Spence — Well, they are both my meaning ; I don't think they 
are inconsistent. 

The President — Is it a uniformly loaded girder, or one loaded in the 

centre ? 

Mr. Spence — So f ai- as that is concerned, if we consider the deflection 
on this strip of plate, it makes a difference of 2 to 1 whether we consider 
the load concentrated at the centre or distributed equally along the strip. 
But if we are considering the strain on the supports of this strip it makes 
no difference whether the load is distributed or concentrated. What I 
said in the former paper referred to the strain on the supports of the 
shell, not to the rigidity of the shell. 

The President— It materially affects the condition of the thing. I 
am satisfied. 

VOL. VI.— 1889. 
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From thcae arguments the writer concludes that tlic thickness of shell 
plates ill marine boilers could be greatly reduced without making auy redac- 
tion in our factors of safety, and without any important alteration in our 
desigoB ; that the thicknesses specified above are suffioieut to resist the 
bursting presBuru on the boilers, treated as structm'al unite, and that they 
are eitfRcient to meet all local strains. That each cross section of the 
boiler, treated not as a disconnected ring, but ae rigidly connected to 
every other part of the boiler, will be foand strong enough for the work 
it has to do, and that each longitadinal section in the shell, treated 
not as a disconnected stave, but as rigidly connected to every other part 
of the boiler, will also be strong enough for its work. 



DISCUSSION. 

The President said, the subject was now before them. He sincerely 
regretted that they bad not both papers read at the same time ; it would 
have been a little more easy to follow. The discussion would now 
proceed. 

The Sboretaiit {Mr. J. Dockitt) intimated that he had a commnnica- 
tion from Mr. Stirzaker. 

The President having put it to the meeting, it was agreed that it 
should be read. 

COMMUHICATION PROM ME. StIEZAKBB. 

Demnber IZth, 1889. 

Dear Me. Ditoeitt, — I had intended to take part in the discnssioD 
of Mr. Spence's paper on Monday evening, but now find I shall require 
to be iu the South of England on that day. No doubt the error into 
which Mr. Spence has fallen will bp dearly demonstrated at the meeting. 
That error is, the assuming that a fluid pressure may be treated in the 
same manner as the pressure of a solid. The pressure of a solid body 
may be overcome by applying a force at the centre of gravity of that 
body! but a fluid pi'easure acts equally in all directions, and the centre 
of pressure is a mathematical expression rather than an actual position, 
and whatever force is applied at that point must be distributed mechani- 
cally over the area of pressure, Mr, Spence tacitly acknowledges this 
fact by the manner in which he has drawn the lid of the bos in Fig, 8, 
Plate III., making it the shape ofa beam which has tobcara distributed 
load, and yet he proceeds to aay that this " lid might be altered to any 
shape we pleased." How, if we pleased to make it flat and of a uniform 
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thickness ? Would it not then tend to bulge in the centre, where the 
bending moment, due to a fluid, or a distributed pressure, is greatest ? 

This is just what happened to the experimental boiler made and tested 
by Mr. Scott. This experiment Mr. Spence advances as an insurmountable 
proof that the present method of calculating the strength of a boiler is 
erroneous and his own correct. But, if we investigate the stresses which 
came upon that boiler when under test, we shall find that Mr. Spence*s 
deductions are not warranted. Take the conditions of the boiler when 
under the test of 580 lbs. per square inch. It is more convenient to 
deal with that experiment than with the later one of 620 lbs. because 
the circumferential seams were not distorted, as they afterwards became, 
thereby complicating the calculation. Treating only of the centre ring 
of plates, because these are the least influenced by the ends of the boiler, 
we find that after being tested they took a bulge, or a permanent set, 
at the centre, of l^^^ of an inch. This represents a permanent set of 
'0115 of an inch per inch in the length of the plate. From some experiments 
with which I was connected made upon mild steel, having an ultimate 
tensional strength of 28^ tons and an elongation of 27^ per cent, in a 
length of 8 inches, with an elastic limit of 15 tons per square inch, 
I found that a permanent set of *0115 per inch took place when the load 
was 16^ tons, or 1^ tons above the elastic Umit of the material. I also 
found that the total extension of the material (that is the elastic exten- 
sion, plus the inelastic extension, or permanent set) was *013 per inch. 
Now, the elastic limit of the steel in Scott's boiler was 16^ tons. Adding 
1^ tons to this gives us 17| tons as being the stress upon the centre 
plates of Scott's boiler when under a pressure of 580 lbs. per square 
inch. 

Let us now calculate the pressure which this portion of the boiler 
would carry with a stress of 17| tons per square inch. 

Ist. — Treating the ring simply as a plain cylinder, the diameter being 

92 inches and the thickness of the plates ^ of an inch, we have — 

p _ 2 tf. X 2,240 
■" D 

_ 4,480 X ^ X 17-75 

"" 92 

= 518 lbs. per square inch. 

But the centre ring is not a plain cylinder. It has become partially 
spherical. Let us then see what is the additional strength it has obtained 
by taking this form. 

First, find the radius of the curvature of the plate. 
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The cord of this curve is about 38 inches, and the increase of diameter 
at the centre is 92 x ■OlS = ri96 innhes, practicailj V2 inches. There- 
fore the versed sine of the chord equals ■() of an inch, as Bhown, exag- 
gerated, in the sketch. 




Now, D, or the diameter of the spht 
^( i chord)' 
versed sine 
19* 



therefore D = 



602 inchra diameter. 



We have, therefore, secondly, a new cylinder to deal with, fi02 inches 
diameter, the material of which is strained in a different direction to that 
of the former one. 

The strength of this cylinder will be — 

4,480 X kl X 17-75 „^ ,, . . 

p= ~^ = (7 lbs. per square inch. 

Therefore the total strength of the boiler at the centre ring of plates 
is 513 + 77 = 590 lbs. per square inch, as against the 580 lbs. 
obtained by actual test. 

I have dealt with this calcnlation as ifthe plate were solid, neglecting 
the riveted joints. 1 do not think, however, that the riveted joints will 
materially alter the result. Theoretically, they are 84 per cent, of the 
strei^th of the solid plate, therefore, also theoretically, they would be 
strained to -— or 21*13 tons per sqnare inch — not an utterly impossible 
stress fur tliem to take. 

lint I do not for a moment suppose that the 84 per oent. of the 
iheorctiuitl strength tif the joints is the actual percenta^^e of strength. 
It niiylit Iw So If treating only of n unit length of riveted joint, though 
eTBU then the (Hotion caused by the grip of the bntt straps on the shell 
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plates would probably have some considerable value, but here, where the 
line of the shell plate joints is broken, the joint is supported at both ends 
with a solid plate. 

The stress set up in the circumferential seams, by the bulging of the 
plates, can be obtained thus: — Through the joint of the plate at A 
draw A B, making it tangential to the curve of the plate at this point. 
Let A B represent the tensional stress on the plate. Then, triangulat- 
ing the forces, acting at the point A, in in the usual way, A C will 
represent the longitudinal tension at the seam, and B C the additional 
outward or bursting pressure upon it. 

In treating of the ultimate test of the boiler with a pressure of 620 
lbs. per square inch, we should probably be fairly accurate, if we con- 
sidered the further stress on the material to be in proportion to the 
pressures. This would give — 

620 
17'76 X K^= 19 tons per square inch. 

If I have succeeded in showing that the ordinary method of calculat- 
ing the strength of a structure is capable of accounting for the results 
obtained with Mr. Scott's boiler, then that experiment goes to prove the 
accuracy of the present method of obtaining the strength of a boiler, and, 
consequently, the incorrectness of that proposed by Mr. Spence. A 
boiler intended to be cylindrical, will not give stitisfaction, if, under 
pressure it changes form, but if we desire to make a boiler of great 
strength, relatively to its weight, we might do worse than adopt the form 
which Mr. Scott's boiler put itself into, by rolling the plates slightly 
spherical, and making the circumferential seams sufSciently strong to 

withstand the additional stress upon them. 

J. C. Stirzaker. 

Mr. J. T. Milton said, it appeared to him 
that Mr. Spence had assumed that what he called 
the old theory required a complete cylinder for 
its proof; that is not so. The theory is perfectly 
true if we only take a small part of the cylin- 
drical shell, provided it is supported at the ends 
by tangential forces only. For instance, let 
A B be the transverse section of a part of the 
cylinder, then if A B subtends an angle at the 
centre of the cylinder, and if /> be the in- / 

tensity of the internal pressure, we have the 
portion A B in equilibrium under a force equal to the pressure on A B, 
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i.e., =p X A B, and the two forces T, T acting tangentiaily at A and 
B, called into plaj by the strengtb of the mnterials. (From Bymmetry 
we Bee that the foi-ces T, T are equal.) Since there is eqnihbriam we 
have, by reHoiving the forces parallel to C — 

p ■ A B=2T HiEe ■^. 



Now, 



AB 



2 OB 2 X radius, 
hence T =^ x raditia, which is the result Mr. Spcncu obtains by con- 
sidering the eqnilibrium of a semicircle instead of that of any part of the 
cylinder. This proof holds fijood whatever be the angle BOA, and there- 
fore moBt be true when thia angle is very Bmall. It ia easily seen that 
the converao to the theory holds true, viz., that a tension T in the shell 
will eqnUibratfi or balance an internal pressure of — 
T 
radins' 
Now, let us consider the case of an actoal boiler abell subjected to a 
aniform internal pressure p. If there is equilibrium, we know that if we 
take nny special part of the sbell, the forces acting on that special part 
of the shell must all be balanced; that is, the internal pressure acting on 
the area of the part under considemtion must balance with the forces 
brought into play by the strenftth of the material around the periphery 
of the portion. Take, for instance, a longitudinal slice of the boiler shell. 



J- 1^ F 



i^ 



]p 



\p \p \p \p 



say one inch wide, and let A B C D be the cross section of the piece E F 
the Bide elevation of it, E and F being the points of the attachment to 
the ends. This piece, then, ib in equilibrium under the internal pressure 
p applied on the area B C x E F, and the support it gets from its 
connection with the rest of the boiler; that is, some tangential forces 
T T on both sidiw of the strip along its whole length, and also the 
forces E and F at the extreme ends, where E and P are the 
anpports actually given by the ends. Now, according to Mr. Speocc'a 
theory, these forces E and F arc of coiisidorable magnitude, while 
according to the old theory they ai-e so small that they may 
be neglected as being inappreciable. Whatever be the magni- 
tude of the forces T— , - ■ • (that is, whatever be the actual eircum- 
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ferential tension on the boiler aliell at any point of the length of the 
boiler) its efiect is, as has been shown, to balance an internal pressure — 
^ T 
^ radius' 
ftt that point. We may therefore replace the tensions T. T acting along 
the longitudinal sectiona by their rcsaltanta, q, q, q, acting radially along 
the strip (y, j ■ ■ ■ are not imiform unless the cii'ctinifereotial tensions 
T, T • • • are anifonu along the length of the boiler). The strip, of 
which A B C D is a cross section, is therefore practically a bar supported 
at B and F, and acted on along its length by pressurea 7)— j, ■ ■ ■ . Now 
if these prp-ssares/;— J . . . have any appreciable magnitude, they must 
produce a considerable deflection unless EF is rery short. But we know 
as a fact that the distortion is very amall in practice, hence we can only 
conclude that, except in the caac of a very short shell like that quoted by 
Mr. Spence as being 6 inches long, p—q cannot have, at any part of the 
length, any appreciable magnitude, so that practically p = q, and conse- 
quently the teuBion on the plate per unit length i» p x r, which ia that 
given by the old theory. It ia worth noting that in a beam, such as we 
are considering, the deflection varies as the citbe of the length, so that 
the support got from the ends of shell 1 foot long is practically only Jth 
that in the case of one 6 inches long with the same amount of deflection. 
In 3 -feet length it will be i^th, and so on. 

Mr. Spence in his nomerical calculations bad, he thonght, gone 
adrift too. In the first paper he (Mr, Milton) thought he had only 
provided for the mean strain along the whole side. That evening he 
somewhat modified that by putting the thicker plntea in the middle. 

Mr. Spence — This stress di^^m is the same as in the paper. 

Mr. MiLTOS — Mr. Spence in his paper gave them total strains, that was 
practically equivalent to mean strains. He had taken the pains to investi- 
gate how the maximum streaa came out on what we may call the inverse 
theory. According to that theory, in Mr. Scott's boiler the maximum 
strain tumod out to be 1'35 times the mean strain, and the thickness of 
the plates must be made to l)ear the ntfiiitnum, not the wiwtm stress. Mr. 
Spence again, he thonght, iiad misread all Mr. Scott's experiments. As 
he (Mr. Milton) read Mr. Scott's experiments in the Transadimis of the 
Instiiution of Naval ArcJiiifcts, the pressure of 460 lbs. per square inch 
was that which brought the hmit of elasticity on the plates. In Table 4, of 
that paper he thonght, Mr. Scott gave the amount of permanent set at 
450 lbs. per square inch, so evidently 450 Iba. per square inch was at least 
equal to the pressure which prodnced the limit of elasticity on the solid 
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pifttp. If tlicy fippliert the oitlinary theory to Scott's boiler, they liod at 
tliis presaiiro, a stress of 15-G tons jilt aqaaro inch, which was 
nearly what Mr. Scott regarded as the elastic strain, viz., abont 
Ifi tons per sqiiaro inch. For thu theory that the strain varies 
inversely to the distance he could not see any ground whatever. If there 
were only two forces, snpportcd by another In the straight line joining 
them, the rule was true ; but whenever they got three or more forces 
having one rcsultntit, the magnitudes of these forces did not accord nith 
Mr. Spence's theory. 

Mr. B. G. NiCHOL said they had for many years been struggling to 
make boilers as light aa tbey possibly could be, and yet be sulficiently 
strong for tbo work called upon them to sustain. The question before 
them, he thought, was whether the rules on which they had been working 
for yeai-a past — rules agreed to by Lloyd's and the Board of Trade — were 
wiung ? They had before them the theory which Mr. Spence bad pot 
down. He must say that, looking at it without taking the trouble to go 
all through Mr. Sponoe'a calculations, he fancied there was a good deal in 
the paper Mr. Spence had read. He would take a piece of chalk and try 
to prove it. 



Ab far as he oould gather from the rules of Lloyd's and the Board of 
Trade, the principle adopted was eqaivalent to flattening the shell 
plate, firmly fising it along the edges, and regarding the whole flat plate 
oe a bridge uniformly loaded, and in such case it mnst 1« perfectly plain 
to everyone that no account was taken of the ends. He conld not himself 
conceive that those end plates had not some amount of value. If we take 
this model of Mr. Spence's, representing an ordinary boiler shell, 10 feet 
diameter by 10 feet long, cnt it through the middle, and place the top 
half at an angle of 90 dega. to the bottom half, how in the name of wonder 
could they say that the flat ends of the lower half had uot an effect in 
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holding the whole structTire together ? The ends must assuredly have 
some influence. He (Mr. Nichol) liad not aeen anything in the arguments 
adduced thai the methods Mr. Spence adopted of measuring the Btrain on 
end and circumference was incorrect. Supposing they had a boiler 10 feet 
diameter and 10 feet long, they had an area of about 78 square feet at 
each end, and the pressure bein^ uniform they had it applied on 156 
square feet at the ends as compared with 10 x 10 = 100 square feet 
tending to produce barrelling. So long a? the end presaare was greater 
than they had on the circumference, he could not see where they were 
going to have the shell asanme the barrel form. If they were going to 
make it 20 or 80 feet long, the pressure on the ends would be small 
compared to that on the shell itself; bat, even then, the ends must be of 
some distinct ralue. Ke was of opinion that the analysis of Scott's 
experiraentfl conclusively proved that Mr. Spence had got hold of data 
whii;h thoroughly suppoited hia contention. 

Mr, R. L. Weighton thought that most of them would be agreed 
there was a great mistake in this paper, and it seemed to him that the 
mistake was of a very fuiidameutal character. Mr, Spence's theory rested 
upon a pure fallacy, and the fallacy occurred first of all in the very 
beginning of the paper, where Mr. Spence, in order to prove his theory, 
dealt with the forces acting inside of a boiler iu a qnite illegitimate way. 
He converted a distributed force into a concentrated one, tacitly assuming 
that the stfains acting inside a boiler on its boundary walls would not be 
affected thereby if you conceive of those strains tending to rnpture the 
boiler through any section. He (Mr. Wetghton) considered that an 
entire fallacy. It was true enough as regai'ded motion through space. 
If they cut this model of a boiler through, say, a horizontal plane, they 
might say, in regard to motion of the upper half through apace, that the 
moving force may be conceived as acting at the centre of gravity of the 
section, without altering in any way the direction of motion or ite 
amount ; bnt as regarded molecular strain in the material of the boundary 
walls of the boiler, the concentration of ail the forces at tlie centre of 
gravity entirely altered the conditions. The only condition under which 
that would be even conceivably true would be if the material was infinitely 
rigid, or at least so rigid as to perfectly preserve its form when the pre- 
viously distributed forces were concentrated and collected at one point, 
viz., the centre of gravity. But if the material uvre of this ahnost 
infinite rigidity, then they could not proceed to do as Mr. Spence pro- 
ceeded to do, viz., to distribute the forces to the onlaide, and say the 
boundary walls ai'e sti-ained in inverse proportion to the disLancc from 



84 



DisonaaiON — thr strength uf BOiLERs. 



the centre. In order that this might be true tbey muat asanme the 
material to have ahooBt infinite elasticity. It would require to he com- 
posed of a Berioa of separate and detached wirea, bo to speak. If it had 
infinite rigidity, and the forces were all concentrated upon any point, it 
would transmit the streases uiiiformh/ all round the ahell and ends of the 
boiler, for the material, l)eing rigid, did not move npon itself — no part 
can give way or stretch before another part ; but if the stress at one 
part of the shell was more than at another, the material must move upon 
itself — it must stretch at some parte and not at others. This he con- 
ceived to be a fundamental fallacy, and after that he did not know it waa 
nooes-sary to say more. For one purpose Mr. Spence asanmeB the material 
of boilers to be of almost infinite rigidity, and for another purpose he 
assumes it to be of almost infinite elasticity. Ail this deals with the 
theoretical part of the subject, and did not appeal to engineers with the 
same force aa it otherwise might do. He would therefore refer to 
the practical example of the boiler tested by Mr. Scott, of Greenock 
Foundry, which, no less than the theoretical part of the qnestion, seemed 
to him {Mr. Weighton) to condemn Mr, Spence's reasoning. Mr. Spence, 
referring to Mr, Scott's boiler, says : — " When the pressure was reduced 
it was found tliat it had produced no fracture, and no serioos disturbance 
of the structure, proving that the elastic limit had not been greatly 
exceeded, for bad the strain approached the breaking strain of the 
material they would have seen a very serious disturbance of the structure ; 
the experimenters would have seen it swelling visibly before their eyes," 
And again : — " This boiler, which all the evidence proves to have been 
strained just above its elastic limit." Further down he referred to an 
experiment by Mr. Manuel, brought forward at the meeting of ffavol 
Architects, at which this question was discussed, That joint was simply 
the ordinary chain riveted joint, a series of them had been tested, and 
the extensions and breaking strain noted. This was the point he 
(Mr. Weighton) wanted specially to emphasise, and show by applying the 
rosnlts of Mr. Manuel's joint that this boiler I)ehaved exactly as it wonld 
have been expected to do on the accepted theory of calculation. The 
joint Mr. Manuel bronght forward broke at 28-7 tons, and the extension 
is given at various stages below the breaking point. Now, at 93 per cent. 
of the nltimate st.rength, which was the point to which Mr. Scott's boiler 
waa strained through the rivet holes, Mr. Manuel's joint gives an exten- 
sion of about I'l percent, Mr. Scott's boiler swelled permanently in 
diameter to the extent of l^'^ inches under the same degree of stress, and 
this is equal to about 1 '4 per cent. So this boiler extended more than 
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Mr. Manners joint under the same caoditions of stroBs. How could 
Mr. Spence say that the elastic limit had not been gi'eatly exceeded ? If 
the elastic limit was not greatly exceeded, whence this great permanent 
exteosioQ of the mateiial, eqnul to i^ inches in the circumference of the 
boiler, and equal to more than the stretching of a riveted joint which ia 
strained to within 93 per cent, of its breaking point ? With regard to the 
model shown, it illnstrotcd the matter more graphically than the diagrama ; 
but Mr. Hpenco was under a peculiar mlsappi'ehcnsion. He said the 
stresses were transmitted to the ends through powerful girders. But these 
stresses would have a resultant longitudinally, and that resultant acted so 
as to pull the outer edges of thu ends in, and the central parts of the 
ends had a tendency to bulge out in every case. In a word, the tendency 
of the forces acting inside an ordinary cylindrical boiler was to render 
the shape of the boiler spherical, and when the true sphere is reached the 
stresses on the material are of course less than in the case of a cylinder. 
They did not get any help from the ends at aU till the boiler shell bulged, 
and then they were past the point at which the boiler was useful. They 
needed to conEider two points : the bursting point and the testing point. 
If they took account of the burstint) only of the boiler, the ends would 
have the effect of raising the bursting point; that was, a boiler with enda 
riveted into it would take more to burst it than a boiler with mere stuff- 
ing boxes as ends ; but before — long before — they came to the bursting 
point, the boiler was useless for all practical purposes, and so they had 
only to deal with some stress much bcEow the elastic limit even, viz.: 
the test stress, and at this stress the ends could have no effect, because 
the middle would not be bulged, and on that ground he did not 
tliiuk the theory which takes account of the ends worthy of practical 
consideration. 

Mr. J. Jennings Campbell said he had not been present at the 
Sunderland meeting, and had not seen all the diagrams, as some had not 
been put up for the discussiuu, but he thought that the point raised by 
Mr, Weighton might be more clearly shown from Fig. 6, Plate III., in 
which Mr. Spence had taken the case of a l)ox lid held down by bolts all 
round, Here, with an area of 16 inches x lU inches = 160 square 
inches, and with a pressure of 100 lbs. per square inch there is a total 
pressure of 15,000 lbs. Mr. Sponce stated that this might he taken as 
all being concentrated at the centre of the cover as in the case of a loaded 
safety valve, but this would only be the case when the cover or lid was 
aesumed to be perfectly rigid, and in that case the bolts would all have 
the same strain, whether near to or far from the centre of gravity. This 
was where the author had gone wrong in his theory. 
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Mr. Alexander Tayix)r Baid, thnt when in Greenock he hud taken 

advantage of Mr. Scott's offbr and saw the hoiler which had been made 
and tested bj the Grcenook Poandry Co. The platea were barrelled as 
shown in sketch given on page 78. In hia paper, Mr, Scott says ; — 
" The experiment which this paper iias endeavonred to describe seem to 
present some jtistt/ifal ion for a rtdwtinn in /Ac minimum seantUniis of the 
shells in marine boOers of merchant service to at least the scale now 
adopted by the Admiralty." The boiler was made for a working pressure 
of 14.5 lbs. according to Admiralty practice, and 135 Iba. according to 
Lloyd's rules. After Mr. Scott read his paper, he added as 
follows; — "You will perhaps allow me to offer one observation 
in extension of this paper which occnrred to me after I sent 
in the manuscript for printing. It is this, that an examination of the 
tube shows the extensions that have taken place in the various tubes of 
the three rings of the boiler, which are extremely marked. Any one who 
is good enough to visit the boiler, I shall be extremely happy to show It 
to. Each of the streaks of the plates — one, two, and three, as marked in 
the drawiufj — has assiiraed a barrel form, the ordinatea of which yon will 
find in the table. I shall wish to express in continnation of the paper 
that that examination of the manner in which extension may take place 
under extreme pressure may possibly form a good reason for (Ite reduction 
oflhe breadth of the plnHng now heiny so much usfd by engineers in the 
construction of their boilers, as it ia well known to all marine engineers 
here present that in constructing double-ended boilers of large length, 
probably up to nearly 18 feet, it is a common practice at present to use 
plates up to G fe«t in breadth. The result of thia experiment may show 
that in doing so engineers arc extending the limit of safety in that 
direction a little too far. It is evident from the experiment made here that 
lines of strength are formed by the circumferential seams of the plates, 
and it may be the case that the ultimate width to which plates may with 
safety be extended, require consideration on the part of those who are 
designing boilers." Now, I would ask if Mr. Scott reduce the breadth 
of the ahell plates and increase the immber of courses, docs he not also 
increase the number of stifiening rings, and thereby inci'case the factor of 
safety, so that while lie wishes on one hand to reduce the fiictor of safety, 
on the other hand he wishes to increase it F Mr. Spence says thia boiler 
bore out his theory. Now, accoi-ding to the ordinary mode of calculation, 
when the pressure was 620 lbs. per square inch, the material would be 
under a stress of iil^ tons, but, according to Mr. Spencc's calculations, 
) lbs. pressure the mat«iial would only be under a stress of IHJ 
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tons, and b* this is considerably ander the elastic limit, perhaps Mr. 
Spence will e:ip1aiu why the plate bulges as described by Mr. Scott. 

Mr. Spekcb — That pressure is on the plate, it is not on the joints ; I 
have it in my paper li;^ tons. 

Mr. Tatlok— ^Th.it is so, 16^ tons on the joint. But I am talcing 
the stress on the sohd plate in each caae, and the solid plate has on]y a 
BtrcBs of 13i tone. Why, with only 13^ tons p-ir sijuare inch upon the 
plate sboald they take a permanent set in varions courses firom H inches 
to 14-E inches ? 



MR. SPENCE'S REPLY TO THE DISCUSSION ON 
■'THE STRENGTH OF BOILERS." 

Mr. J. C. Spbncb in reply said, before bringing forward anch 
startlitig proposals as those contained in the paper under discussion, 
the writer had tried his utmost to find any weak spot in his argu- 
mente, bat had failed to do so. The discussion hod convinced him 
that while the main priuciplea brought forward by him were not 
only true but indisputable, yet there was one point he had taken for 
granted, which is, he would nut say wrong, but open to doubt and to 
modification. The principles which he contended were absolutely true 
were these; — let, that the method now in use of treating short boilers of 
the marine type as endless rings, is radically wrong, and involves an 
error of unknown magnitude, varying with every proportion of length to 
diameter. 2nd, that instead of taking arbitrary sections through a 
boiler, we should consider such sections as pressure within the boiler 
tends to produce, that is, we should take a central section through shell 
and euds, and having determined what pressure comes upon the ends, 
and whet on the shell, we should design our boilers to stand these strains. 

The principle — that he admitted was open to doubt — was a matter of 
very small importance compired with the foregoing; it was, that the 
strain on each point of a, section vaned exactly in the inverse proportion 
of its distance from the centre. 

To the first of these proi>08itions there was no reply. In his paper he 
had stated that the formulsa now in use are deduced from the tlieory of 
open rings by " good and sufficient reasons," he had then given argu- 
ments and examples lo prove, that the open ring theory was not applicable 
to marine boilers. Mr. Milton courteously assnming that the writer was 
ignorant of thew good and sufficient reasons, kindly supplied them, and 
proved what is not disputed, that the formulte in present use are hut 
particular cases of the general theory of rings strained by internal 
pressure. This is not to discuss the question at issue, but to evade it. 
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Ag^D, in hiB paper he bad brooght forward argumeats, illnstratJona, 
and ni'ideia to prove that a locgitudina! strip, if ti'eated aa cut out from 
tliti rest of tilt: boilur, thut is, as a beam supported at its two endti, does 
not represent the aaine atrip when forming an integral portion of the 
boiler — it does not represent it exactly, nor eren approximately. The 
strength in the one case bears abeolutety no relatioa to the sti-ength in 
the other caae. Mr. Milton coolly ignores this argument, and proceeds to 
investigate the reeiatance of a loagitiidiual strip an inch wide, supported 
at the two ends ; and of course, he finds that such a strip can not afford 
much support to the rings, and that this support varies inversely as the 
cube of ita length. Is it possible that he can fail to see that the question 
raised, is not, what is the strength of a disconnected stave, such as he 
deals with, but whether the strength of such a strip bears any relation 
whatever to the strength of the same strip when forming part of a huge 
beam, and balanced by an exactly equal, but opposite, moment offlexnre 
produced hy the strip opposite to it in that beam ? 

Ab no other Bi>eakcr had attempted to answer his arguments on this 
poitit, he would pass on to the nest, which is illustrated by Figs. 3, 4, 5, 
and G, Plate III, This involves a simple meclianical principle as 
nearly axiomatic as any he knew in engineering. Mr. Nichol's illustra- 
tion of this principle, given in the discussion, was mnch more striking 
and appropriate than the author's, as the example was such as might 
occur in an actual boiler, and the strain was transmitted direct from one 
plate to another without bolts or flanges. But although the figures given 
in his paper did not represent boilers, they serve perfoctly to illustrate 
this principle. Leaving for after consideration the question whether the 
strain on the bolts in Fig, 6, Plate III., varies as shown there, the fact 
that he wanted them to note was that the strain on the bolts was 
precisely the same whatever shape the lid was made. 

Mr. Stirzaker's reply to this argament is simply absurd. He does 
not attempt to argue that the strain would differ in either of the three 
examples quoted, nor to estimate what the difference would be. But he 
says that the theory (that the strain is equal in all cases) " involves the 
error of treating a tluid pressure in the same manner aa the pressure of a 
solid, and treating a centre of pressure as liaviug an actual {josition, while 
it is rather a mathematical expression." Now the pressure of 1 lb., 
whether caused by the weight of a solid, by a head of liquid, or by the 
elasticity of a gas, remains 1 lb. pressure — it is neither more nor less, 
nor different. And a centre of pressure which has not an actual position 
is an impossibility. Althongli his mode of expression is unintelligible, 
it may be gathered irom the context, that his meaning is, thai a 
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distribnted pressure is not identiai! with u conccntmted pressure, and 
that if the pressure ou the lid of this box is balanced ly a single load 
applied at the centre, the bad must be applied to the lid, and not 
directly to tbe fluid inside. Both of these propositions are true, but have 
nothing to do with the question. 

Ill his (Mr. Speuce's) statement of the case, he had said that the lid 
might be made of any form we please, and the strain on the bolts 
would remain the same. To this Mr. Stirzakcr replies, How if we 
make tbo lid a thin flat plate ; would it not bulge in the centre ? 
Only noting, that this is to alter, not the form of the lid but its 
strength, he would answer. Let it bulge, so long as it does not break 
and let the pressure and the problem escape us ; and when it bad done 
bulging, he would ask Mr. Stirzaker whether the strtiin on tbe bolts was 
altered by the bulging of the plate ? In his argument he would have 
been perfectly justified in assuming the lids were in alt cases rigid bodies, 
for although there is no substance in nature which is a rigid body, yet 
the assumjition is constantly made, whenever we wish to climioate from iv 
problem, the alteration of form in a body transmitting u strain, and to 
confine our attention to the strains transmitted [ he had not made this 
assumption solely because, in this particular ease, it does not matter in 
the least whether the lid is rigid or not. 

Mr. Weighton's argument betrays the same confusion of thought, 
with regard to two perfectly distinct problems, as the argument we have 
just eiamined. Mr. Weighton accused him of converting a distributed 
force into a concentrated one, but this charge was made without the 
araolleat foundation. Mr. Weighton can not possibly call in question 
the fact that the vertical component of pressiire on any surface whatever 
LB the same as that of a vertical pressure on the plane area forming 
the horizontal projection of that snrfaee. This ia true in all cases, and 
does not depend on tlie form or diriieusiona of the surface, nor on the 
material of which that surfiicc is oomposed. He can not deny that the 
resultant of a distributed pressure on a plane ai'ea is a single pressure 
pHsaiug through the centre of gravity of that area. If he admits these 
asioma, he must admit that the strain on the bolts in Fig. 6, Plate III., 
and the strain on the plate section in Figs, 11 and 10, Plates lY. and V., is 
independent of the form of surface, and is the same as that produced by 
a single pressure at the centre of each of these rectangles. If he admits 
these axiomatic truths his argument betimes meaniugless. If he denies 
them, it is necessarily erroneous. 

In discussing a complex problem it is perfectly l^itimate to discuss 
one point at a time, it is usually the only possible method — it ia-tbe 
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method DBsd in his paper. In the first place kc hod tried to det«r- 
mine how the resultant pressure on a boiler shell was digtribiited bctvreen 
the shell and the ends. And to do this, he entirelj ignored the effect 
the pressure might have in altering the shape of the shell, and 
confinod hia attention solely to the resultant strain brought upon a 
particular section. But, having found by this means, how the tension Is 
distributed over the section, he then used a different process of argnment 
to show that if the shell plates were strong enough to stand the tension 
that came upon them, then they were strong enough for all purposes. 
This method is most certainly not what Mr. Weightou describea it, 
a conversion of a distributed pressure into a concentrated one. 

Having experienced how easy it is tfi be misunderstood, he did 
not feel at all certain that he had gmapod Mr, Wcighton'a meaning 
in the next argument, which appears to convert a atittical problem 
of pressure and tenaion into a dynamical one of motion through 
Bpace, and introduces several phraaes new to mechanics, such as inSnite 
rigidity and infinite elasticity. But, so far as he could make out Mr. 
Weighton's meaning, it waa, that trejitiiig the problem by the method of 
virtual velocities, the new theory was coiTect. But tlicn, ho proooods 
to say that thia involves two entirely contradictory snppoaitioua with 
regard to the material of which a boiler is constructed, at one stage 
infinite elasticity, at another, infinite rigidity. Now, if we are to tmder- 
stand by, infinite, the same thing as is often spoken of in applied 
mechanics as, perfect, elasticity and rigidity, then there was nothing 
contradictory in assuming the one property at one stage of an 
argument, and the other, at another stage. He found thia definition of 
rigidity in Toiihunter's Analytical Stalirs. "A rigid body is one in which 
the particles retain invariable positions with roapect to each other, No 
body in nature is perfectly rigid, every body yields more or leas to the 
forces that act on it, If, then, in any case this compressibility is of a 
sensible magnitude, we sliall suppose tliat the body has assumed its 
figare of equilibrium, and then consider the points of application of 
the forces as a system of invariable form." Again, by a perfectly 
elastic body is meant, a body in which extension varies directly as 
tension, or generally, stress varies as strain. And, up to the pressures 
we use in boilers, ateel ia a perfectly elastic body. It ia therefore a 
perfectly legitimate process of reasoning to treat a boiler as a rigid body 
when once it has been stretched under the iufiucuoe of a given pressure, 
so long as that pressure remains constant, the boiler acta in every way as 
u perfectly rigid body. And, on the other hand, if we wish to find how 
much it will stretch, we assume the material to be perfectly elaetio, an 
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assumption that is practically exact. Mr. Weighton's argument about 
rigidity and elasticity is therefore absolutely worthless. It is not only 
worthless, it is also quite irrelevant. The theory he is discussing is a 
perfectly general law, applicable to every solid body capable of resisting 
pressure and tension in any degree, and absolutely independent of any 
abstract theories about rigidity or elasticity. The only value, if any, 
his argument has, is, that he shows the new theory true by the method 
of "virtual velocities." 

We now come to the point which he had admitted was open to doubt. 
Mr. CampbeU had said that the author " had gone wrong by not assuming 
that the lid in Fig. 6, Plate III., was perfectly rigid, in which case the 
strain would be equally divided between all the bolts." When he admit- 
ted that the iSrst rough draft of his paper had been written on this 
assumption, he must admit that there was some force in this argument. 
Although he did not consider this theory as exact, he had thought 
the error involved was so small that it might be covered by the large 
&ctor of safety used in boiler work. The difference between assuming 
that the strain is equally distributed along shell and ends, or distributed 
in the manner assumed, is very small compared with the difference 
between either of these assumptions and the assumption that the strain is 
wholly concentrated on shell plates; but still it is a difference worth 
considering. His reasons for adopting the theory of inverse proportions 
were not based on any abstract theories of rigidity or elasticity, but on 
the well-known properties of the lever. 

Mr. Milton says that " if there are two forces supporting another in 
the same straight line, that these two forces vary inversely as their 
distance from the third; but whenever we get three or more forces 
having one resultant the magnitude of these forces does not accord with 
this theory." This is true in one sense, but very far from the truth in 
another. Give an engineer the relation between three forcesjind he will 
soon extend them to 800, or as many as he pleases, thus : let A B C D 
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reprment a flat plate held in position along the lines A B, B C, D, and 
D A ; now, a preeaure applied at P will prodnce some strain on every 
point in the periphery, and by the theory of the lever 

the strain at n is to that at m inversely as P h to P m 
„ q „ o P to P y 

T „ s „ r P to P » 

and BO on, for every line that can be drawn Ihrongh P. The strain at 
one end of the line is, to the strain on the other end, inversely as the 
length of the parts ; but although each pair of preasures such as (m and ri) 
(r and s) vary according to this law, it cannot be demonstrated that the 
presBurea which do not occur in pairs, snch aa r and m, follow the same 
law. There ia no reason why they shoold not do so. But the assump- 
tion involves another, namely, that the moment of the force is distributed 
equally in all 'directions. In the absence of any reason for assuming 
that the moment was unequally divided, he had assumed that it vfas 
equally divided. This, although it seemed to him the moat reasonable 
and probable assumption, was one that he could not prove ; but whether 
it is exactly true or not, it ia demonstrable, that P will bring a greater 
strain on A D than on B C, on A B than on D 0, and generally on the 
points near to it than on the pointa distant from it, and, by the law of 
averagea, the reaultaut of a distributed strain would Iwhave in the same 
way, that is, would prodnce the greatest strain on the nearest points, 
and the least strain on the more distant points. But whether the 
strain varied in the simple proportion assumed, or in some more 
complex way, he could not demonstrate in a maimer that could not 
be questioned. If any one considered the moments were unequal in 
different directions, he could not prove that they were not ; but he con- 
sidered that the bnrdeo of proof should fall on those who contended for 
unequal distribution. The law assumed is that which will produce the 
least racking strain on the structure. 

We have next to consider the arguments baaed on the results of Mr, 
Scott's experimental boiler. Each speaker who had tried to defend 
the old theory had suggested a different method of reconciling it 
with the foots of the case. In answering Mr. Taylor's queationa he 
would give an answer which seemed to him to be the best possible answer 
to all the arguments brought forward. The question is, what was the 
atram on the boiler shell at the different pressures it was subjected to ? 
And he considered that the most reliable facta on the question were 
derived from other parts of the same boiler. 

The boiler bulged in the ends as well aa in the shell. In bulging at 
the ends it stretched the stays, and a comparison between the elongation 
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of the stays and the stretching of the ehell plates appeared to him to be 
the moat conclnsive evidence it was posBible to bring as to the strain on 
the shell plates. Tiiia comparison is made in the following table : — 
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Now, if the old theory were correct, a strain of 267 tons on the shell 
plate only produced one-half of the extension which a strain of 19 tons 
on the stays prodnced. And while a strain of 19 tons on the stays 
produced an extension of 2'3 per cent., a strain of 18"6 tons on the shell 
only prodnced an extension of '19 per cent., abont ^ of the above. But 
if we compare the tension, as ciklcnlated by the new theory with that on 
the stays, we find a wonderially close approximation, thna: — 

13'75 tons stretched stays -35 per cent, of their length, 

13*5 „ „ shell -S7 „ „ its diameter, 

16 „ „ stays 1'2 „ „ thetr length. 

16'3 „ „ shell 1-23 „ „ its diameter. 

Mr. Taylor objected, that in taking the extension of the diameter, the 

tension onght to be taken as that on the plate, not as that on the joint. 

The reason for taking the joint, was that the strain on the stays was in 

fiiot much less than that calculated. For the strain on the stays is 

calonlated on the supposition that the end plates themselves bear no 

part of that strain, but this is not correct. It takes a powerful hydraulic 

machine to dish a 4 inch plate like these end plates, even when the 

plates are red hot, and to dish them cold, as the pressure in this boiler 

has done, must have absorbed an appreciable part of the pressure on the 

stays. To make the comparison between ends and shells feir, it is 

necessary either to make a deduction from the calculated strain on 

the stays or to increase the calculated strain on the shell. Ue thonght 

he had made a fair compromise iu taking the strain on the shell as 

that on the weakest part of it, namely, Ibe joint. 

Mr. Taylor had also referred to the " barrelling of the boiler." This 
&ct be considered a strong argument in favour of his theory as stated, 
which showed the pressure greatest at the oentre and least at the ends, for 
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where the tension is greatest the stretching shonld be greatest. If the 
old theory were true, the shell should have Btrefcabed onifonnly, except, 
perhaps for a few inches near the ends. 

The fact that the boiler barrelled between each seam appeared to 
him to be accounted for very aimply. At the seams the plates are 
doubled, and, therefore, the tension per sfjaare inch ia reduced to about 
one-half of that on the single plate, conseqnently the stretching of that 
ring will be much less than in the single plate. Ah a boiler does not act 
as a series of disconnected rings but as a continuous whole, this causes not 
a sudden break in the curve of the boiler, but makes each plate curve 
gently between the seams. 

There are many other points to which he would like to refer, but he 
had said enough to show that, those of his critica, who had condemned 
his theory as an error, had failed to understand it. They had confused 
themselves over a very simple mechanical problem, got lost in a f<^ of 
abstract theories, and entirely missed the question at issue. He believed 
that he had proved beyond dispute that the old theory was radically wrong. 
And that he had indicated the lines on which a true theory must be based. 

The ultimate test of all mechanical theories must be experiment, and 
he trusted that be had convinced hia sceptical friend Mr. Taylor that his 
theory agreed very much more closely than the old one, with the only 
experimental data available. If any one wished to test the old theory to 
destruction, let him build and test another boiler similar in all respeota 
to Mr. 8cott's. but only half the length. That such a boiler would stand 
about twice the pressure that the long one stood, is as certain as that a 
short beam will carry a greater load than a long beam. 
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The pRESntENT was sure he spoke the sentiment of thoir minds when 
he conveyed to Mr. Spence the hearty thanks of the Institution for his 
paper which had elicited so instructive and valuable a discussion. They 
were very much indebted to him. He would not attempt to follow the 
arguments, it would be vain on his part to do so, and fnrthermore, they 
had not the time that evening. He would only remark one thing, he 
thought one grain of fact was worth a ton of theory, and they had Mr. 
Scott's boiler before them, and if they wanted to arrive at a true conclu- 
sion on this question of boiler scantlings they could not do better than 
read the papers and the discussion that ensued on Mr. Milton's, Mr. 
Bennett's, and Mr. Scott's papers, before the Institntfi of Naval Architects. 
He had much pleasure in conveying to Mr. Spcnce the thanks of the 
Institution for his very valuable paper. 
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COMMUTflOATIOS PROM Mr. A. G. SCHAEFFER. 

Akenstob Hili., January BIh, 1890. 
Dear Me. Duokitt, — Aftar followio^ the argamcnts ased in Mr. 
Spence's paper on the strength of boitera, and the discnaaioa that followed, 
I c&me to the condusiou thikt the question is not one which can be easily 
settled by mnthematicB, and tliat reliable experimentB would probably 
throw more light npon the aabject. I therefore searched my engineering 
records to see if I could find any experiments bearing upon the point, 
and I succeeded in finding two cases where boilers had been tested to 
deetmetion. The first is an experiment made by Messrs. John Elder & 
Co. to teat an old boiler taken out of the S,S. " Ban-righ," A full report 
of this experiment, with drawings, is to be seen in Engineering of July 
31st, 1876. The second is the testing to destruction of an experimental 
boiler by the Manchester Steam Users' Association, recorded with draw- 
ings in Engineering of Alarch 2ith, 187G, Both cases are worth careful 
study. It cannot be denied that the ends of a boiler, and particalarly of 
a marine boiler, play some part in the strength of the boiler, and it is a 
matter of very great interest to find out what part the ends really do play. 
I thought it would be a pity to diamisa the question in an off-hand way; 
and I trust I may be excused for pointing out the two experiments men- 
tioned in ray ietter as bearing on the subject of Mr. Spence's paper. 
I remain, dear Sir, yonre faithfully, 

Ant. G. Sohabffer, 



Mr. Spenob'b Reply to Mr, Sckabffer. 

NEWCASTLB-ON-TrNB, 20/A Jmmry, 1890. 
Dear Mr. Duokitt, — I have to thank yon for forwarding to me a 
copy of Mr, Schaeffer'a moat valuable contribution to the discnssion on 
the strength of boilers. In seeking for facts by which to test my con- 
clusion I had examined The Engineer and Enginwring for tea years back, 
but fonnd nothing, except Mr. Scott'a experiments, by which to test them, 
Had I gone far enough back to find the examples quoted by Mr. Schoeffer 
I wonld have used them as most striking argument in favour of my 
theory. The first example quoted is. I see, a marine boiler, and it burst 
through shell and ends, exactly in accordance with my assumption. The 
fractore is reported to have occurred instantly along this line, so that the 
experimenters were in doubt where fracture commenced. Assume that it 
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oocorred at the weakest pointy namelj, the tube plate, and every anomaly 
— and there are several — vanishes. Seeing that we are now working boilers 
of mnch greater diameter and at mnch higher pressures with no stronger 
tube plates than the one that broke, it is nearly time we gave some 
attention to their strength, seeing that in 'every boiler in which the 
diameter exceeds the length the end plates carry more than half the total 
pressure. 

Mr. Schaeffer's second example is also most instmctive ; the manner 
in which every breach of continuity in the circle was proved to be a weak 
point shows clearly the importance of this continnity, and the error of 
assaming that a detached section represents the same section ondetached. 
That this boiler iSnally ruptured in the centre of its length is evidence 
that even in long boilers such as this the influence of the ends is felt 
throughout the boiler, otherwise there is no reason why it should break 
at the centre than at any other point. If the tension was uniformly dis- 
tributed along the whole shell, the odds would be against it breaking in 
the centre. 

With many thanks to Ur. SchaefFer for this valuable *' find/' 

I am, yours truly^ 

J. C. Spenoe. 
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THE CONSTRUCTION OF MAEINE BOILERS WITH A VIEW 
TO THE USE OF HIGHER PRESSURES. 



Bt chablbs bastow casbboubne. 



[Bead befobb tbb Ikstitutiok ok Dbcembsb 16tb, 1889.] 



Ik placing before the members of this Institntion a design of a new form 
of boiler soitable for higher pressures of steam than those now in general 
nse, it woold be as well for the writer, before explaining the design, to 
point oat the many advantages, in his opinion, that would accrue from 
the use of higher pressures. 

During the last four or iSve years the struggle for economy has been 
marked by the extensive adoption of the triple expansion or tri-compound 
engine, working at pressures from 140 to 180 lbs. This type of engine 
has been almost exclusively adopted in new vessels, and in many instances 
compound engines have been converted into triple expansion by the 
addition of a third cylinder and higher pressure boilers. 

And here it may be stated that before the introduction of this class 
of engine, 80 lbs. was the most generally adopted pressure. 

The well-known Trevithick was the first engineer to introduce steam 
of high pressure ; and although his engines were non-condensing and his 
boilers of poor construction, yet he successfully proved their superiority 
in economy of fuel over the low pressure engine, thus showing that steam 
of high pressure could be used advantageously; and when he and 
Woolf joined together iu introdncing the compound engine, it is said 
they used steam of 60 lbs. pressure. 

Steam of higher pressure than he ever anticipated is now being used, 
both with land and marine engines, and the object of this paper is to 
attempt to prove that steam of still greater pressures than those now 
generally adopted may be used with economical results, and that with 
few alterations the present type of marine boiler may be adapted to safely 
withstand these higher pressures. 

The superiority of the triple expansion engines over the compound is 
due to the following causes : — 
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lb Um hicV Iffwrare of steam nsed, and the higher nUs of 



H of U^Bperature in the cylinders, great initial Btraina, 

"dtofa" ID ifae raoeivera ore thereby avoided. 

TWm> Vfftj •)» to qoadniple expansion engines. Increased presenn 

of IMHI » ««U7 obtatoed bj a rery slight addition in the consumption 

of ImI. and Um «flkHi>cy of steam rapidly increases with the increased 
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"Am ■»; b« pTOTcd ; — 

K IV lol«] h«at of erapuration of 1 lb. water, from 100' 

at $12=" F. (80 IbB. aheolnte) is 1108-6° F. 
J. T*w tuW bwrt of flTOporation of I lb. water, from 100° P. and 

•I SUP F. (IftO Ifaa. absolnte) is 11SS'4° F. 
&. tHnt total beat of aTapocBtion of 1 lb. water, from 100° F. and 

at 401-t'' K. («0 lbs. absolute) is USS-S" F. 
If iu t»eti case ibe steam be expanded to a terminal pressnre of 10 lbs, 
[ lJtw>tut«, tbo rativw of e3[wnsion will bo (I) a, (2) 1.5, (.5) 25, and the 
I pcetsuna oonwponding to these initial pressures and rates of 
Vpftwvo will be (1) Siv7, (3> 87-08, (8) 45. If the volume of steam 
r»tM amct^ as tbc iuvorso ratio of the pressure, then these figurea 
«wilUlpv« ihaoouiparative valneaof tlie steam at the pressures indicated. 
|bNl W ih» folnuw of «t«aiu Aoe» not vary exactly as the inverse ratio of 
t^ IMWttKa. the following will be found to be the more exact relative 
^itwtM «k>ok nuu)b«r8: (1) SI. (i) .S9, (8) 47. 

V^Mtt itiM i* will be aeon that steam of 350 lbs. is capable of doing 
M w» s«M- HM4V i<urk thiui steam of UiO lbs., and steam of 150 lbs. 
M MV <»«*' '"»'''*> ''■^^"^ '^*"' steam of 80 lbs. The latter has been 
jj^fft W •.tiMl )«w.-tins ami is now an aoknowledged fact. 

^ Wtt »1l»M «i l^0 llw. pnwurv with a compound engine woald be 
uttf) ^Wi^ www «v^4»v<«ttiv'<al than to employ steam of 80 lbs,, and the 
a WMtite llwti'MMi t.>f luing any higher pressure than 160 lbs, 
Vet when 160 Ibe. pressnre is nsed in the 
t, it ntay be said that there is a saving of 
'.w kw iM^taan cnmpound ; and supposing a boiler was 
Yv it uif^ht be outioipated with some certainty 
t. wviaM be cBboted over the triple expansion 
,v MwAntl^e 4a]MnB)on engines are working at 
\ t^^ i» accounted fbr by the fact that 
<,4>«Mt twwtMf to constnict h marine boiler 
v^-« ywwww without either considerably 
r 4ir llwAnMB of the shell plates. 
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UAKING BOtLEBS & 

With respect to the rednction of the diameter, it may be generally 
known that boilers of the locomotive type have frequently been tried, and 
many engineers are looking to this claas of boiler as offering some advan- 
tages in point of weight in comparison to marine boilers, aa well as their 
adaptability for higher preasnres. Their performances have, however, not 
been fonnd satisfectory, and in many inatanoes where large boilers of this 
type have been in nse they have had to be taken out and replaced by the 
ordinary type of marine boiler. 

Two of the principal objections to the locomotive boiler for marine 
purposes are: — 

Fwsiiy — That they require the purest of water, as from their con- 
stniction they are much more difficult to clean and scale than an ordinary 
marine boiler. 

Secondly — They are apt to prime, owing to the small diameter and 
limited Bt«am space, whenever the vessel is rolling and pitching in a 
•eaway. 

Again, the writer questions very much whether this type of boiler, if 
required for a certain horse-power, could be made Ui occupy the same 
space of boiler room as a marine boiler of the same horae-power. 

In a paper read before the Institution of Naval Architects by 
Mr, W, Parker, March 27th, 1885. he aaya : — " I have conferred with the 
principal steel makers in the kingdom on this subject, and am able to 
say that they agree with me and arc decidedly of opinion that ateel shell 
plates of over an inch in thickness, and having a tenacity of over 30 tons, 
must contain so much carbon as to render them unsuitable for boiler- 
making purposes, although they may possess the necessary tenacity and 
ductility to withstand the usual tensile and cold bending tests." 

Since this paper was read the uniform quality of steel plates for boiler- 
making has considerably improved, and tbey are now able to turn ont 
plates np to 1| inchea and If inches thick, having a tenacity of 80 tons, 
but tliis is about the limit. 

Ur. J. T. Milton also remarks in a paper read before the same 
institution, March SOth, 18«2; "That these pressures of UO and 180 lbs. 
are not likely to be increased for some time to come, unless some type of 
boiler is introduced which will not ueceaeitate the present style of casing 
for containing the steam and waWir, nor the present method of internal 
firing, as with the obtaining pressures the thickness of plates tor these 
portions have reached the maximum capable of being worked on the one 
hand, and of being used for the transmission of heat on the other." 
Taking these matters into consideration it would appear that before 
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higher preasnrea can be adopted aome improved type of boiler is necesai; 
to withstand these higher presBurea which mnst be so constrncted, that 
ahell pl)Lt«s of excessive thickness are not required, nor has the diameter 
of boiler to he reduced. 

Having regard to these reqnirements the writer ventures to Jntrodaoe 
to your notice a form of boiler which will bear the strain of these higher 
presBores without increasing the thickness of shell plat«&, or reducing the 
diameter. In the accompanying sketch it will be seen that Fig. A, Plate 
VI., is a boiler baring two Hhella, which will hereafter be named as " outer" 
and " inner " shells. The space enclosed between the shells is termed a 
"jacket," 80 that the whole may be termed a " jacketed " boiler. The 
object of providing a double shell is to charge the enclosed space with 
steam of a lower temperature than that generated within the inner shell, 
which is thus relieved of the full pressure of steam within, and is only 
snbjected to the excess of the pressure of steam within, over the presenre 
of the 8t«am between the two shells. As for example — in the sketch we 
have a boiler with a shell calculated to stand a working pressure of 
150 lbs. to the square inch, employed as the inner shell of a boiler in 
which steam is generated to a working pressure of 250 lbs., the estra 
100 lbs. being neutralised or balanced by an external pressure of the 
same amount exerted by the steam enclosed between the two sheUs or 
jacket. 

As the object of providing a space between the two shells is to pro- 
vide a means of applying a neatralising or balancing pressure to the 
inner shell, any fluid or gaseous body may be used, but for many obvious 
reasons steam is the moat convenient for the purpose. 

It is at once evident that the pressure in the jacket must be con- 
stantly and regularly maintained, and in order to provide for this it is 
necessary to have one or more regulating valves between the two shells. 
These are constructed on the principle of an ordinary spring-loaded 
safety valve mounted on valve seats in the inner ahell, and so regulated 
that when the pressure iu the jacket falls below that required to be 
maintained, the valve lifts admitting steam from the boiler until the 
required pressure is reached, when the valve again closes, The valve in 
sketch is loaded to 150 lbs., and is externally adjustable. This is 
effected by having a screwed spindle passing thmugh the cover by means 
of which the spring may be compressed or released as desired. A valve 
similar to Fig. C, Plate VI., would be necessary to provide against col- 
lapse of inner shell, should the pressare in boiler from any canse be 
sDddenly reduced, 8afet; valves of ordinary construction would hare 
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to be provided for both boOer and jacket. CondenBcd water would be 
drawn away from bottom of jacket to feed pumps. Tubes would have 
to be tbicker, but not much more ho than those reqnired for 150 lbs, 
pressure, as tbeir diameter could be slightly reduced. 

The same may be said of furnaces. These could be nsed of a thick- 
neas of g inch and diameter of 8 feet, and of a tbickneas of /g inch 
and diameter of 2 feet 6 inches, of Pos's patent corrugated type. 
Longitudinal stajH would have to be pitched closer together and of 
rather larger diameter, but they need not bo of leaser pitch than 14 
inches, which would afford ample room for examination and cleaning 
inside of boiler, Combustion chamber stays would have to be pitched 
closer together and of rather larger diameter. 

Tube plates need not be of any eice^ive thickness, if more screwed 
stay tubes are put in. In fact, there seems to have been plenty of room 
for adapting the present style of marine boiler to higher pressures, in all 
directions with the exception of the shell, and the writer is of opinion 
that the double form of shell, aa shown in sketch, would overcome this 
difficulty. Although a boiler with two shells will naturally weigh more 
than a boiler with one, yet the extra weight will not be so much as 
might at first be supposed, for by using steam of higher pressure a 
boUer of smaller diameter is p<fflsible, the weight of water evaporated 
being less, In Fig. B, Plate TI., it will be seen that two forms of 
riveted circamferential seams are shown, one the ordinary lapped joint 
double riveted and the other a flanged joint, flanged externally in the 
case of the " outer " shell and intoroatly in the case of the " inner " shell. 

The latter form of joint has been suggested in the event of any difficoJty 
being experienced in repairing an ordinary lap joint should occasion rise. 

It has been previously mentioned that this type of boiler is specially 
adaptable for steam of 250 lbs. for quadruple expansion enginea which 
are at present only using steam of 180 Ibe. 

This clasa of engine ia becoming more popular every day, and may in 
time supersede the present triple expansion, even bb the latter has taken 
the place of compound engines. 

The writer has not thought it necessary in this paper to go into aU 
the minor details of a new design of boiler, bnt ia anxious to have an 
expression of opinion fi'om the engineering members of this Inatitation 
aa to the feasibility of constructing a marine boiler with a double shell to 
stand much higher preaaures than those now in actual use. 



102 Discussion — »A.R[NE UOlLl^aS AlfU UIGIiti;!! PUBl^SUUB^ 



DiaOUSSION. 

Mr. J. T. Milton said he would like to correct the impression which 
was given by a par^raph in the paper whore reference was made to a 
paper read by Mr. Parker. Mr. Casebourne seemed to imply that Mr. 
Parker meant in that paper that plates above an inch thick could not be 
made. That was not bo. The words of Mr. Parker were simply in 
regard to the quality of the material of steel plates. This paper of Mr. 
Parker's was read when an attempt was being made to force boiler-makera 
to use steel of a high teuEile strength when cxpcricnee had not shown 
it to be suitable for boiler purposes. His (Mr. Parker's) opinion wbb 
that plates over an inch in thickness and having a tensile strength of 
over 30 U)ns wonld not be snitable for boiler-makmg. At that time 
plates were being made up to an inch and a half in thickness with a 
tensile strain of about 28 tons, and these were satisfactorily used. 

Mr. Alexander Taylor — Seeing there would be 80 or 100 degrees 
differenoe in temperature io the two boilers he would like to know how 
the writer proposed to prevent the passage of heat from the inner to the 
outer boiler? It appeared to him that the inner shell would act as a first- 
class condenser. 

Mr. J. 0. Spence asked the author of the paper what was gained by 
the steam space between the two shells ? The inner plate required to be 
strong enough to stand 150 Ihs. pressure, und the outer one strong enongh 
to stand 100 lbs. preasure. Therefore, if these two plates were riveted 
together without any atcam space between them, they would stand 250 Ibe.; 
in fact, they would stand a higher pressure, because the outer shell plate 
would have to be made for a larger diameter than the inner shell. There 
would be, certainly, some practical difficulties in the way of making a 
boiler with a double thickness of shell pUite, but far loss difficulty than 
in building the proposed boiler. He said that he failed to see any advan- 
tage, hut saw many disadvantages in the proposed steam space between 
outer and inner shells. 

Mr. James Patterson said, this paper seemed to be divided into 
two parl£ : the first part showing the gain in economy to be got by using 
steam at something like 250 Ihs. pressure in mnltiple expansion engines, 
and the other describing a form of boiler, proposed by the writer of the 
paper, as a suitable one to withstand this pressure. Mr. Casebourne 
estimates the gain of economy at about 20 per cent., and he (Mr. Patter- 
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Bon) thonght before going into the question of the boiler they might see 
whence that gain was to be obtained. He pnt down the figures rather 
differently from what he (Mr. Patterson) worked them oat. Theoretically, 
under the conditions of expansion assomed iu the paper, the gain of 
economy by using Bteam at 250 lbs. instead of 150 lbs. in unjacketed 
cylinders was juat under 13 per cent., the remainder of the 20 
per cent., if it was to be got, must be obtained not from the 
boiler bat from the engine, and must be through some more 
perfect ose of the steam in the engine thau in the present triple 
expansion engine working at ISU lbs. One cause lor an extra gain, 
and with which they gained a good deal in the triple expansion 
over the compound engine, was the reduced range of temperature in each 
cylinder. Now, with steam at 250 lbs., and with quadruple expansion 
engines, there would be a smaller range of temperature than the range at 
present in the triple expansion engine of ] 50 lbs., but the i-eduction would 
not be 80 great as that effected by the triple expansion over the 
compound engine. Therefore, he would eay in that case there would not 
be a proportionately great gainiueoonomy. He also thought a great deal 
might be done in quadruple expansion engines without going to so high 
a pressure as 250 lbs. absolute by the gain that would be made by a 
reduction of temperature. By using, say 200 lbs, boiler pressure, or 
220 lbs. absolute, they would get a very great reduction in temperature, 
and he thought would have a correspondingly great gam in the economy. 
In the paper the writer gave the ratio of expansions somewhat mislead- 
ingly. He said if steam expands from 80 lbs. absolute to 10 lbs. absolute, 
the ratio of expansion is 8 ; bat the ratio of pressures is 8, which gives 
with unjacketed cylinders a ratio of expansion equal to C'5, and similarly 
with the other ratios. Kow, with regard to the boiler, he thought that 
the great thing which enabled triple expansion engiaes to come into nse 
was that the ordinary type of marine boiler could be made to stand the 
pressure required. The difference between the ordinary type of marine 
boiler and any other be know of proposed to replace it, was that they 
could get at any part of the marine boiler for purposes of examination 
and cleaning, and if 250 lbs. absolute was to be got as they now used 
boilers, it must be in the same type of boiler, and he did not think this 
proposed boiler could be called the marine type of boiler. There was an 
annular space which ta be acceaeible would have to be so large as to do 
away with any advantage to be gained in getting power out of a given 
space in the ship. Taking it as shown in the diagrams, the interior of 
the exterior shell and the exterior of the interior shell could not be got at, 
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it was, therefore, a departure from the ordiaaTy type of marine boiler 
in what may be called its most essential feature, and therefore a change 
for the worse. If they were to have a boiler with inaccessible surfiAces, 
let it be a type of tubular boiler which will give greater power in less 
space. Mr. Taylor asked how the difference in temperature was to be 
maintained in the annular space and the boiler itself. He would ask how 
that difference in temperature might affect the expansion and contraction 
of the boilers with which they had already to contend in the present type 
of marine boiler ? Many other remarks might be made about this type of 
boiler, and the difficulty of keeping it clean, but he would make no further 
remark on the subject. 

The discussion was adjourned till the next meeting, to be held on 
January 13th. 
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NOETH-BAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Sixth Session, 1889-90. 



PROCEEDINGS. 



FOURTH GENERAL MEETING, HELD IN THE LECTURE HALL OF THE 
LITERARY AND PHILOSOPHICAL SOCIETY, NEWCASTLE-UPON- 
TYNE, ON MONDAY EVENING, JANUARY, 13th, 1890. 



F. C. MARSHALL, Esq., Pbbsidbvt nr thb Chaib. 



The Secretary read the minntes of the preceding General Meeting, 
held in Newcastle-on-Tyne, on December 16th, 1889, which were 
approved by the members present and signed by the President. 

The ballot for new members having been taken, the President appointed 
Messrs. J. C. Stirzaker and James Patterson to examine the voting papers, 
and the following gentlemen were declared elected : — 

MEMBERS. 

Baird, Robert, 13, Hylton Terrace, North Shields. 
King, Donald, 3, Kent Street, Jarrow-on-Tyne. 
Poll, Rodolfo, Chioggia, Italy. 
Twigdcn, George J., 80, King^s Road, Canton, CardifP. 

ASSOCIATES. 

Corbitt, Michael, The Teams, Gateshead-on-Tyne. 
Dixon, Robert, The Teams, G^teshead-on-Tyne. 

GRADUATE. 
Gibson, W. H., c/o Messrs. Hawthorn, Leslie, At Co., St. Peter'g-on-Tyne. 
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I the 

Com 
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DEPUTATION TO LLOYD'S. 

The Pkbbioent said, that with regard to the Becond paragraph in 
le minotee, referring to the depntation for representation of ship- 
builders ftnd engineers on Lloyd's Committee, he had the pleaanre to 
inform the meeting that Lloyd's Committee liad granted, if not entirely, 
at least a very large proportion of their reqnest, such a proportion, he 
thonght, so far oa the Council of this Institution was concerned, they 
were prepared to accept, subject to the decision of the committee of the 
other inatttutions interested. A meeting of the special committee 
would be held at Carlisle or Newcastle in a few days. They had received 
the following answer from Lloyd's: — 

Lloyd's Rbqistbr or British and Fokeiqii Bhifpiko, 
2, White Lion Codbt, Cobnhill, K.a. 

Jtt Jamtarg, 1800. 

Bib,— With reference lo the prioted address farwaidcd bj ^on in Hay Ust, 
co&vejriiig ths dedre of HhipbuildciB and marine engineers to be repieseoted on the 
ComiDittee of Maaagement of this aociet; , 1 am directed to acqaaint yau, for the 
ioformstiDii of the presenters of the document, that the views set forth thetciu as 
the arguments urged bj the membere of the deputation, which the com- 
mittee had the pleasure of receiving on the subject on the Uth November, have 
oociipiod the committee's careful attention. 

Tlie committee are prepared to admit tbc reasonableness of the desire expreased 
b; ahipbuilders and engineers to be consulted in the alteration of existing mlee and 
the framing of new rules iutendcd to regulate tbc construction of ships and machin- 
ery, and at the same time the; do not foil to recognise the advantage the society 
would derive from the knowledge and experience these gentlemen would bring to 
the discnssion of sueh snbjects. 

These considerations have led the committee to make the following propoaal, 
with the object of associating shipbuilders and engineers with members of the 
committee in their deliberations upon questions affecting the society's mles. 

The terms of this proposal arc as follow : — 

That on all occasions on which it is contemplated to make alterations in the 
existing rul«, or to frame new ruJes for the construction of ships and machinery, 12 
ntprvM-'UlAltves of ahipbuilders and engineers — say six members of shipbuilding 
Arms and six momhcTs of engineering firms — shall be invited to join the sub- 
commlltiMi of the society, to which the consideration of sneh matlen is delegated. 

TliAt thin •ulwjonimittoo, which is designated the " Sub-commit teu for Surveyors," 
•luill moot at staled time* for the purpose of considering questions relating to the 
kttemllon of <uittin)[ rules or the framing of new rules, 

Tha shlpbatldlnit vid eU|;itieering representatives present at mcetingsof the Sub- 
oominlttoo for Surveyon, on oocasioiis when such questiooa relating to the rules 
are uonrtidurml. timii tsxeivita the aame powere as other members of the sub-committee 
ftl such niUvlitiK*, and shall bo allowed fees tor their attenilance, and also travelling 
■ OKpeiUKW ou the Munu seal* m in allowed the outport memlicrs of the general com- 

It 
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That the electioii of the 12 ahipbiii tiling aad engineering ropreBentstivss shall 
be vested in the bodiea named in the wldress. 

QaeBtions concerning the procedure of the Subcommittee for Surve7ar8 when 
enlarged ae proposed, the times of meeting, also the period for wliich representatiTea 
of Bhipbuildera and engineers shoald be elected, and other matters of detail, an; left 
for farther ooniidcTation. 

Ab the scheme which is herein proposed will enable sHphuilders and engineers 
to attain the chief objects thej appear to have had in view in approaching the com- 
mittee, it ia hoped that it will be accepted as n satisEactorj answer to their address. 
I am, Sir, jour obedient Servant, 

(Signed) A. O. Dbyhurst, Aaaiatant Secretary. 
J. Hnirhead, Esq., 

Secretary of the Oommittee of the Presenters of the Address, 
30, Gordon Street, Olosgow. 
It W08 very gratifying, said the President, continuing his observations, 
to find that a body siioh as the Committee of Lloyd's, with its ancient 
traditiona and very higli position, had seen fit to grant the request of the 
various institutions, Tliey would agree with him in thinldng that Lloyd's 
had done wisely and well in acceding to the request presented to them, 
not only by this Institution, but by the other institutions mentioned in 
the memorial Stepa would now be taken for the election of such repre- 
sentatives as the various societies should see fit to send to this committee. 
He thought they might congratulate themselves upon the paper read by 
Ur. Macarthy, and he (the Prcsidtint) was sure Mr. Macarthy himself 
would feel much gratified with the result of the discussion which took 
place on that occasion as helping to bring about this very desirable end. 

Mr. H. Macoll — Mr. President, may I be allowed a word in connec- 
tion with the proposal by Lloyd's ? 

The PEE8IDENT — Certainly. 

Mr. Macoij> — It is only this, that most of those who have got to 
do with Lloyd's find there is as much room for argument in the practice 
as the rules themselves. I think this committee ought to take uotiee 
of alterations in the practice as well as the rules — that is, any altera- 
tion in the established or usual practice. 

The PREBIDENT Said Mr. MacoH's suggestion was a very good one. He 
thought the committee would see that such matters were not forgotten. 
They would not be satisfied, though perhaps they should speak it with 
bated breath, ouly to take up a general position iu matters of this kind 
— that is, those who would have to go on to this committee. The fol- 
lowing would, perhaps, give them a more accurate idea of how the 
matters brought before Lloyd's would have to be treated. The conces- 
gion to shipbuilders and engineers was no doubt a very great point 
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gained, but to meet the views of the memorialists it should be dearly 
nnderatood that the technical representatives of the anb-committee should 
be tbo medium of raising any qucBtion they deemed necessary upoa the 
existing rules at any time they liked, and not be called apon to discuss only 
any changes that might be submitted to them at slated times. Otherwise, 
questiona the shipbuilders might feel to be burning ones conld get shelved 
for years, until it pleased their adviBers to bring them forward. There was 
the case where vessels were proposed to be built for classification in which 
the rules were not strictly complied with. What they would reqmre 
would be that the shipbuilders and engineers should have the right to 
raise questions and make any submission to the sub-committee, and 
from them to the general committee, and not that it should come from 
the general committee downwards. He thought they would find that 
the thing would be worked out very satisfactorily ultimately. In the 
meantime, he thought they should be thankful for what they had got, and 
not for^t that they wanted something more. 



The diBcuBsion on Mr, C. B. Casebourne's paper on "The Gonstrnction 
of Marine Boilers with a view to the use of Higher Pressurea" was 
resumed ; after which Mr. E. Hall-Brown read a paper on " B 
Speed Engines for Cargo Boats." 
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ADJOURNED DISCUSSION ON MR. OASEBOUBNB'S PAPER. 

Mr. M. Sandibon resumed the diHCUBBion on Mr. Casebourne's paper 
on " The OonHtraction of Marine Boiiera with a view to the nae of 
Higher PreBsurea," He said Mr. Casebonrae waa aujtiouH for an exprea- 
sion of opinion by the memberB of the Institution ae to the merite or 
demerits of his " double-barrelled boiler," aa they might call it. He 
did not think the design, oven if practicable, was one which would 
generally commend itself. The boiler waa admittedly heavier than one 
of the ordinary type, and if the jacket were of any use its inaccessibility was 
a great objection to it. Then there was the question of several additional 
mouotings to consider. Mr. Caaeboume told them that they would 
reqniie to have one or more regulating valves between the two slieUs, 
and a valve to provide against the collapse of the inner shell, and safety 
valves for both the boiler and jacket. With reference to these regulating 
valves he did not think the reducing valve waa yet patented which would 
maintain a constant pressure in the jacket. There would be a continual 
waste from the jacket safety valve. Steam traps or some similar means 
would require to be provided for getting rid of the water which waa bound 
to condense in the jacket. It would give trouble if drawn off by the feed 
pnmp as suggested in the paper. As regards locomotive boilers of large 
size Mr. Casebourae'a remarks would seem to be justified to some extent by 
the results which bad appeared in the daily prints of the trials of the 
" Sharpshooter " class. Mr. Caaeboume was certainly to be complimented 
on his carefnlly prepared paper, but he (Mr. Handison') was afraid that 
the idea was not altogether novel. He had a notion that the late Mr. 
Scott Bnssell made a similar proposition several years ago. Before ait- 
ting down he should just like to say that he was somewhat " f«^ged " 
as to the functions of the Reading Committee. Members of that 
committee bad been among the most adverse critics of recent papers; in 
fact, if he remembered rightly, they were told by a member of that 
committee at the last meeting of the Institution that the paper then 
tinder discuasion was based upon a fallacy, and that, therefore, it was 
unnecessary to discuss it further. Now, he would submit to the Conncil 
that their papers were circulated all over the world, and that they most 
frequently appeared without any reference to tiie discussion whatever. 
Doubtless a good discussion was provoked dnring the meeting, but if the 
dignity of the Institution was to be maintained, as far as papers were 
concerned, he thought that while calculated to create a discussion they 
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onftht not, ID the opinion of the Rendinfj Committee, to be of soch a 
nature as to possibly raisleiui out8i<1ers. He made these remarks, like Mr. 
Martell's Brutus, not that he loved Cffisar less, but that he loved Borne 
more, 

Mr. J. P. Wallikbr said he believed that the snbject of the paper had 
been fully discnssed at a previons meeting, but there was one little point 
in the design of the Iwiier before them which might be noticed, and that 
was that the stays in the steam space were pitched at 14 inches, with a 
3 inch stay. They all knew that, in a great degree, the life of a boiler 
depended npon its accessibility ; but with a 14 inch pitch this only left 
11 inches to get throngli, which he did not consider snflioient. Plenty 
of the Tyne built boilers intended for 150 lbs, proBBure had steam space 
stays pitched up to 17 and 17^ inches, and he thought this was a 
matter for congratulation and imitation. With r^ard to combustion 
chamber plates, he thought that engineers might easily thicken them, 
and that with safety, and he would point out that plates f inch tbiok 
might iiave a pitch of stay of 10^ inches, which he considered wonld be 
a distinct gain. He believed a paper was now in preparation which 
wonld give them more information on the transmission of heat through 
thick plates. 

Mr. CasebourNe, in reply, observed firal that Mr. Milton had said 
that in quoting some remarks of Mr Parker in a paper read by him before 
the Institute of Na\'a] Architects, ho had implied that plates of over 1 inch 
in thickness could not be made. He did not think that he had misandcr- 
Btood Mr. Parker, nor did he infer that reliable steel plates of more than 
1 inch in thickness could not be made for boilers. If they wonld kindly- 
glance at the paragraph which followed the quotation, they would see that 
he said that "plates of Ig inches in thickness can now be turned out. bnt 
this is about the limit." Of course it was well known that steel platee of 
mnch greater thickness could be and were manufactured, but they wonld 
be unauitabie for boiler-making purposes on account of the quantity of 
carbon ihey would contain if from no other cause. 

Mr. Milton said tliat plates of 1^ inches in thickness, and with a t«iuilG 
strata of -28 tons, were now being satis&ctorily made and used. This was 
the greatest thickness he had heard of yet, and, although he did not mean 
to say that still thicker plates wonld not yet be made for boilers, yet, as at 
present manufactured, the tensile strain would have to be reduced, and if 
plates of 2 inches in thickness or more were required, there would be little 
[vantage in using steel over iron for this purpose. 
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In reply to Mr. Taylor, he would say that the difforencc between the 
t«mperatnre of the steam in boiler and jacket wonld be 401 — 328 ^ 
73 degB. Fah,, and that he did not propose to prevent the passage of heat 
from the inner to the outer boiler. Again, he could not uee how the inner 
ahell wonld make a firat-claas condenser, as Mr. Taylor seemed to think. 
He did not say that there would be no coDdensation, but the condensation 
which takes place in the ahell was amply tomjiensated for by the diminu- 
tion of condensation in inner shell, as the difference of temperature between 
Bteam in inner boiler and that in shell was very smalt as compared with 
the difference between the temperature of steam in an ordinary boiler 
and that of the atmosphere. It might also he eatd that the jackets of 
cylinders wore mere condeDsera, although it had been proved by practice 
and recent experiment that they were a gain, however small, to the 
economical working of the engine. This he had found to be the case 
daring many years' experience at sea with both triple expansion and 
componnd engines. Of course the jacket as apphed to the cylinder had 
an advantage which could not be claimed for the jacketed boUer, for by 
preventing condensation in the cylinders priming was avoided, and broken 
pistons and cylinder bottoms were not now so common as formerly. Every 
other advant^e which a jacketed cylinder might have over an nnjacketed 
one might also be claimed for the jacketed boiler, and instead of acting as a 
first-class condenser, as Mr. Taylor seemed to think, he was of opinion that 
it would be the means of preventing condensation, and lesa moistnre would 
be brought through to the cylinders with the steam. 

Mr. Spence said, " why not rivet the two shells together ? " Because, 
to do so, an enormous amount of rivets wonld have to be put in to make 
the two platen solid, and the plates would necessarily have to be made 
thicker to compeuaatc for the number of holes drilled in same, which 
would add both to the weight and cost. The strain would bo unevenly 
distributed, owing to the impossibility of getting the two plates to bear 
all over. Steam being an elastic fluid, adapted itself to every portion of 
the sbell, exerting an uniform pressure on every part. As to the difficulty 
in baildiug a boiler with two separate shells, compared with the method 
suggested by Mr. Spence, he thought it would be found that the design 
as shown in diagram was easier to manuiacture and less expensive. 

With regard to Mr. James Patterson's remarks! he should say that in 
estimating the gain in economy at 20 per cent, in using st«am of 250 over 
that of 150 lbs. pressure, it was not claimed that the whole of this n'as 
due to the increase of preasare alone. A certain proportion of the gain 
from 5 to 7 per cent, was due to the use of this pressure — 250 Ibn. — with 
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fonr cylinders instead of tliree, thereby reducing the variation of tem- 
perature, afl had been stated in the paper read at last meeting. When 
the triple expansion engine was first introdnced a greater economy was 
manifest than theory showed to be dne to the inoreiise of pressure alone, 
and the latter was found to be the canse. This was an agreeable snrpriae 
to many engineers, and went far to ensure the buccgss of this type of engine. 
It was not put forward that there was an equal gain in this respect of the 
quadruple over the triple expansion engine, but still there was a sub- 
stantial advantage. If they took the relative temperatures of the steam 
at the following presBurea, and the number of cyhnders in which the steam 
was eiptlnded, they would see the comparative value of the three types of 
engines in this respect : — 



P 



OjltodBn. 


p™ 




Teralo^l 


VviaUimof 


^-«S!t 


2 
3 

i 


80 
160 
260 


313 

8&3'3 

4011 


126 

125 
125 


98'6 
761 
68 


22-8 
11 



The calculation on page 9R of the paper was based on the supposi- 
tion that the steam was moderately moist, and expanded in accordance 
with Boyle and Marriott's law {p v = constant) that preasnre varies 
inversely with the volnme. 

p, =■ Absolute initial pressure. ', 
T^jH ^ II mean „ 

V p^ s= Terminal pressure. 

I ■ r = Rate of expansion. 

^^^^ = Cat off. 



ifwin pressure = p 
Tenninal pressure ■- 



- hyp, log. 1 



L Vim 



Rate of expansion = *-l • 

11(1 did ni>t lliink Ihnt in the proposed form of boiler there was any great 
d('(wrliun' fnmi the nrdiiiary ty|» of marine boiler now in general use if 
tliiij tiKwptwl ll"' tlouble fonu of slioll. Mr, Patterson was correct in 
lUp^mtug Llmt if thv uiuular »iMice had to he large enough to be acces- 
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Bible, Ti'z,, large enough to permit of a maD or boy working in thia space, 
then tbere would not be such a great advantage gained in getting more 
power ont of a leas space occupied. But it was not proposed to make 
the space more tban six inches between shell and shell, and even less 
than that might be found to be sufficient. If proper care be exercised 
it was very seldom that any trouble waa experienced with the shells of 
boilers ; it wag the interaal arrangements, such as the tnbe ends, fur- 
naces, and stays that gave the most trouble. 

Another form of joint was shown in Diagram B which might'possibly 
overcome any difficulty in this respect, and with this form of joint there 
was no Beam in the boiler which was not accessible. As to its accessi- 
bility for cleaning, he failed to see wliat was going to cause any dirt or 
deposit in thia annular space, aa nothing but pure steam was admitted. 

Again, with reference to the difference of temperature affecting the 
eipaosioa and contraction of the boiler, he thought thia would be less in 
the form of boiler shown than in the ordinary type, because the bottom 
of the boiler would be maintained at a more uniform temperature with 
the top, which would have a tendency to improve the circulation at that 
portion of the boiler where most needed, viz., the bottom. 

Mr. Sandison spoke of the additional number of mountings necessary 
for this type of boiler. There were three extra mountings, but he did 
not think it necessary to take these into account if a substantial gain was 
to be obtained from the type in question. Although n^j mention was 
made of a steam trap in the paper read at last meeting, it was nnderstood 
that gnch or a similar contrivance woidd be required to get rid of 
the condensed water in the jacket. Ah regarded the pitch of stays, Mr. 
Walliker did not think 14 inches waa sufficient in order to get at every 
part of the boiler for convenient working in cleaning, repairs, etc. Well, 
he had been to sea with various boilers, some with stays pitched as close aa 
15 inches, and had experienced no serious difficulty in getting at any 
portion of those boilera either for cleaning or repairs. He did not think 
an inch less would make any great difficulty, and speaking from experi- 
ence did not think 14 lochea too close so far as pitch was concerned. 

He thought it was universally acknowledged that of late too much 
attention had been paid to the improvement of the marine engine some- 
what to the neglect of the boiler, but recently engineers seemed to have 
become aware that there was room for great improvement in the latter. 
This was the case both at home and abroad, and it was probable that 
before long a form of boiler would be introduced which would meet the 
present requirementa. 
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In conclosion, he wonld thank the members of this Institntion for 
the patient hearing thej had accorded him, and for the &ir and impartial 
criticism of his paper. 

The Presidext said they were very much indebted to Mr. Gase- 
bonrue for having bronght before them what he thonght he (Mr. Case* 
bounie) belioveil to be a novel form of boiler, bnt which, Mr. Sandison had 
reminded them, Mr. Sev»tt Russell had already suggested something of the 
same sort ; and only ten days ago there had been submitted to him a boiler 
of precisely the same constmction from America and patented in the 
States, so that they found another illustration of the saying that great 
minds wore often found ninning in the same groove. Mr. WaUiker 
mentioned in his remarks that possibly or probably they should have a 
paper on the conductivity of steel and other mdals of which marine 
Ixnlors wore made, and the transmission of heat through these metals. 
Ho ^the President) could only say that he thonght a paper of that nature 
would W of extreme value to their Institution, and he hoped Mr. 
WaUiker or some of his ci>lleagues would favour them urith such a 
paper. This particular question was coming much to the fh>nt, inasmuch 
as they had daily to consider how thin they could keep their furnace 
plates. Now that they had got to | inch plates, it became a question 
whether they were quite safe in using plates of that thickness or getting 
the utmost etficienoy out of furnaces with such a thickness. He b^[ged to 
move that their best thanks be given to Mr. Gasebonme for his interest- 
ing txi}H.T, which had led to such a valuable discussion. 

The vote was accorded with acclamation. 
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HIGH SPEED ENGINES FOR CAEGO BOATS. 



By B. HALL-BROWN, M.LM.B. 



[Read befobb the Institution on Januabt 13th, 1890.] 



Weight economy as defined in Messrs. Marshall and Weighton's paper 
on "High Speed Engines" is of great importance in all machinery 
designed for ships, at the same time fuel economy is of eqnal if not 
greater importance, even when the matter is studied solely from the 
standpoint of weight required for propelling the ship. 

To make this evident, take the case of two engines indicating 800 
horse-power. One engine weighs 90 tons, and the coal consumption is 
15 tons per day. The other engine weighs 100 tons, and the coal 
consumption is 18 tons per day, the boilers being supposed equal in weight 
and efficiency in each case. It is quite evident that for a voyage of five 
days the total weight of machinery and fdel will be the same in both 
cases, and the more economical, although heavier engine would be 
preferred by most shipowners. This comparison would be still more 
favourable for the heavier engine upon longer voyages, and might even 
modify the design of engines for other than cargo steamers. 

Enough has, however, been said to show that fuel economy plays an 
important part in the considerations which should influence the design of 
engines for cargo boats. 

There is still another point, and one which from its import- 
ance mighty claim the first place, viz., the efficiency of the propeller. 
This is undoubtedly of the highest importance, as the engines only exist 
to drive the propeller, and the real measure of the efficiency of the pro- 
pelling machinery of a ship is not the coal per indicated horse-power per 
hour ; but the coal per horse-power per hour, usefully exerted at the 
propeller. 

The efficiency of a propeller is afiected by many circumstances, but 
only one enters into the scope of tbis paper, that of variation in the 
number of revolutions. 

The experiments described in Mr. Sidney W. Bamaby's little volume 

VOL. YL— 180a P 
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on " Marine Propellera " are, to tlie writer's mind, the most valnable yet 
published upon that Btibjcct. It itt true that the experimcDt« were made 
upon BcrewH working in undiaturijed water, but in all other respects the 
conditions correspond to those under which propellers ordinarily work, 
and the laws therefrom dednced may be used with safety in comparing 
propellers which work under similar conditions. 

Fig. I, Plate VII., is a reproduction of the cnrve obtained from one 
screw propeller experimented upon. For convenience in reading, the 
maximum efficiency is marked 100, and the efficiency at any point in 
the curve may be read at once as percenl^es of the maximum. 

Thifl curve shows that the efficiency of a propeller increases rapidly 
with the revolutions until the maximum efficiency is reached; beyond 
this number of revolntions the efficiency decreaacs, but more slowly. A 
slight variation above or below the proper number of revolntiona has 
little effect upon the efficiency, and for this reason it is quite admiBsible 
to run the propeller slightly faster than the proper speed, in order to 
reduce the size and weight of the engines. 

If, however, the revohitions are considerably above the number 
corresponding to the maximum efficiency there is a very conaiderable 
loss. Thus, an increase of 50 per cent, means a decreaae of about 17 
per cent, in the efficiency of the propeller ; or, in other words, to give 
the propelling effect attained at maximum efficiency with 800 horse- 
power will require at the reduced efficiency about 960 horse-power. It 
would require a marked increase in weight economy to justify this. 

It will be seen, therefore, that it is not justifiable under ordinary 
conditions to increase the revolutions of a screw propeller 50 per oent. 
above the number corresponding to the maximum efficiency. 

The writer is of the opinion that the propeller now adopted for cargo 
boats, of about SdO indiratcd horse-power and 9 to 9i knots average 
speed at sea, is a very near approach to the best possible propeller for the 
work. It is the result of numberless trials, and embodies the best prac- 
tice of each maker, The problem has been worked out by each 
maker for himself, and the fact that all have reached approximately the 
same result must be taken as a proof that that result is not for from a 
correct one. 

As this paper is throughout a comparative one, it will be well at this 
point to place before you the exact type of ship and engines which was 
in the writer's mind. To this purpose the ship named "C" in Mr. 
Robert Thompson's paper on " The Influence of Coal Consumption on 
the Design of Cargo Steamers" lends itself admirably. 
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The parfcicolars are as follows : — 

Length on load line 
Bmdthx extreme ••• 

Depth moulded amidships 
Mean drsnght from top of keel 

Displacement 

Prismatic coefficient 
Engines — Cylinders, diameter 

Stroke 
Average speed at sea ... 

„ indicated horse-power at sea. 

„ revolutions 
Weight of engines with water 



281 ft. 8 in. 
86 ft 6 in. 
26 ft 6 in. 
21 ft. 4 in. 

4,766 tons. 

•802. 

22in., BT^in., 60in. 

39. 

9} knots. 

800. 

66 per minute. 

About 106 tons. 



This is ondoubtedly an economical cargo boat, and the propelling 
machinery is over rather than under the average efficiency. 

At 65 revolutions per minute, it is the writer's opinion that the pro- 
peller is making rather more than the proper number of revolutions for 
maximum efficiency for 800 indicated horse-power and 9*5 knots. How- 
ever this may be, it is certain that to increase the revolutions 50 per cent, 
would be to impair the efficiency very materially. 

It will be seen, therefore, that the propeller is an effectual bar to the 
adoption of high speed engines in cargo boats, unless some means is 
adopted whereby the engines may be run at any desired speed, while the 
screw shaft still revolves at the speed best suited for the propeller. 

Glaring is undoubtedly the solution of the difficulty. 

At the first glance this would seem to be a backward step, as it 
is within the remembrance of many when all large screw engines were 
geared engines. It is not, however, a step backward, but a step forward 
that the writer would advise. 

Glaring was originally adopted because engineers did not see their 
way to run the engines fast enough to suit the propeller. Afterwards it 
was found possible, and indeed profitable, to run the engines somewhat 
faster, and to couple them direct to the propeller. The next step undoubt- 
edly is to gear the engines, so that while the propeller runs slowly, com- 
paratively speaking, and at the number of revolutions suited to it, the 
engines may run faster and at the revolutions considered by the designer 
best smted to them. 

This suggestion is not by any means original. It has probably been 
often made before. It has certainly been made, at least, once before — 
viz., in the little treatise by Bamaby previously mentioned. 
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The point is this ; if it ia necessary or advisable to adopt high speed 
engines iu cargo boats (and to thu writer's mind il is certainly advisable, 
and sooner or later it will proljably be necessary), the only economical 
way is by some arrangement of gearing. 

As fuel economy baa been shown to have very great bearing upon any 
question regarding engines for cargo boats, it nill be advisable at this 
stage to enumerate some of the points regarding the steam economy of 
engines which may be affected by the alterations advocated in this paper, 

Ist. — Iu aimihiriy pro(.)ortioned and similarly situated cylinders, the 
largest cylinder is the most economical, as the surface of metal exposed 
to the action of the steam is there least in comparison to the volume of 
st«am in the cylinder, 

2nd. — To attain maximum economy the surfaces esposed to the maxi- 
mum range of temjierftture should be reduced aa much as possible, due con- 
sideration being at the same time given to the fact that the total snrfaoe 
must not tliereby be increased unduly. Thus, long strokes are beneficial 
ns they permit of smaller surfaces of piston and cylinder cover for the 
same work dune. At the same time, if the cylinder be made too small in 
diameter and of great length, the surface exposed to steam may be eo 
increased as to nullify any advantage gained by the small ends, ^ort 
dii-uol porta, with a maximum capacity within a given sur^tce, are an 
unmixed good. 

■trd. — Other things being equal, that engine will be most economical 
which has its aurfkoes, part for port, exposed to the least variation in 
temporaliiru. 

4th,— Water formed within the cylinder, or carried into it by the steam, 
■liould Ix! got rid of as water, and not re-evaporated in the cylinder. 

filh. — There is a condenser temperature which will give maximum 
Btoam economy. 

To make thin clear. Table A, page 126, and Fig. 2, Plate VIII., have 
been prepartxl. Table A shows the work which may be obtained &om 
one cubic foot of steam at I7ft lbs. per square inch absolute presenre 
under various conditions of expansion and condenser pressure. It also 
showa the number of foot-pounds per thermal unit obtained under those 
conditions. The method of uompuling this is fully explained in the 
Api)endix, page 126. 

Fig. i, Plate VIII., shows the eame results in a graphic and perhaps a 
. clearer fonn. 

iProm the table and curvee it is evident that there is a certain con> 
ser temperature corresponding to maximum economy for each ratio of 
i il 
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expansion. It is also evident that this temperature is not the lowest 
attainable as is nsnally supposed by scientific men, nor is it that cor- 
responding to a back pressure of about 3 lbs. per square inch as is usually 
supposed by sea-going engineers. 

This is a matter of some importance, as the efficiency of a steam engine 

is usually supposed to be indicated by the formula — = — , which would 

indicate that the lower the temperature t is made the greater would be 
the efficiency of the engine. Of course this does not indicate any fallacy 
in the laws of thermo-dynamics, but merely a wrong application of these 
laws. It is the first time, as &r as the writer is aware, that attention 
has been drawn to this fact. 

6th. — ^Other things remaining the same, increased speed of revolution 
is productive of increased economy. 

As was pointed out by Mr. B. F. Isherwood, in the discussion on Mr. 
Willan's paper on " Non-Condensing High Speed Engine Trials," before 
the Institution of Civil Engineers, increased speed of revolution means 
increased power, if the size of the cylinders and the steam pressure 
remain constant ; but if it is required to keep the power constant the 
size of cylinders must be reduced, and the gain due to the increased speed 
of revolution may be more than balanced by the disadvantage of the 
smaller cylinders. 

There are, of course, many other points influencing the steam economy 
of engines, but these seem to the writer to be those chiefly aflPected by 
an increased speed of revolution, and by the other changes advocated in 
this paper. 

To return to the particular part of the subject at which the above 
digression — ^if such it is — was made. It is evident that an engine geared 
as already described may be run at whatever speed of revolution the 
designer may think fit without in any way affecting the propeller, and so 
for the present the propeller may be left out of the question. 

With any design of engine the maximum pressures which the parts 
are capable of transmitting are exactly calculable, and this pressure 
should not be exceeded. It is, therefore, evident that if the piston rod, 
say, is designed to transmit safely the load due to the maximum pressure 
of the steam and no more, this load should not be exceeded, however 
caused. 

It is usual to consider the reciprocating masses connected with the 
piston of an engine to embrace the piston, piston rod, crosshead, shoes, 
and half of the connecting rod. This is sufficiently accurate for practical 
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parposeB, and will be adhered to in this pnper. The pressureB required 
to accelerate tbege reciprocating masaee at the ends of the Btroke are 
found from the formulie: — 



For top or cover end / = -0008427 x W > 



l±r 
R ■ 



For bottom or crank end/ = -0008427 x W x n' x r x . 

Where/ is the reqoired force in pounde. 

W „ reciprocating maaa in pounds. 
n „ Dumber of revolutions per minute, 
r „ radius of the crank in feet. 
R „ length of the connecting rod in feet. 

Instead of finding the total preasare, it will be convenient to find the 
presBure per square inch, and in that case the only alteration is, that W 
will represent the reciprocating mass per square inch of piston. 

Let us take the engine "C" before mentioned as an example. The 
reciprocating masses will be somewhat as under:— 

High pressure .. 6*26 ponnda per square inch 

Intenoediftte pre»9uro 8'30 ,, ,. 

Lnw prossuTO 1'9S „ „ 

And at the speed of revolution given (65 per minate), the preesnreB 
required for acceleration will bo as given below : — 



Hi);li prcasuru 18' 4 ... 11-02 

Intennedute pressure 9' 1 ... 6'65 

Low presanre 673 ... 3-44 

The above are pressures per square inch, and are calculated upon the 
assumption that the length of the connecting rod equals four cranks. 

The effect of the above pressures is to reduce the effective pressure 
transmitted to the crank pin at the beginning of the stroke, and to 
increase it towards the end of the stroke, and is so far beneficial in 
tending to equalise the pressure transmitted. 

If, however, the above engine were run at 105 revolutions per minute, 
the pressures required for acceleration would be mnch increased, and 
would be somewhat as here given: — 

High pressure 47-9 .,. 287 

InUmaediate preasurc 24*6 -.. 14*73 



In this case the pressure required to accelerate the reciprocating 
masses al the bop ol the stroke in the low pressure cylinder is approsi- 
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matcly cqnal to the total prcsaurG npon the piston, and to go much 
beyond this point would be to render the piston rod Bubject to greater 
Btrees than it was designed to bear. 

In thia caae, therefore, the proper limit of apced has been reached, if 
indeed it lias not been overstepped, for that type of engine. It is, how- 
ever, qnite possible to rednce the reciprocating masses and still retain a 
factor of safety of ten throughoat. 

Probably, after making all the redaction which could be allowed in a 
cargo boat, the reciprocating masses would be as under ; — 

High presnure 6'6 poands per aqnare inch, 

InMnneJiato prostnre 2'36 „ „ 

Law presBore 1'15 ,. h 

With these reciprocating maeaea, an engine with a stroke of 2 ft. ti in. 
and a connecting rod equal to four cranks, and making 145 revolutions 
per minute, the presanre required to accelerate the reciprocating masses 
in the low preaaure cylinder would be about 15 pounds per square inch. 

Thia great increase in the number of revolutiona would allow of a 
corresponding decrease in the size of the engine, which might now be: — 

Duimeter of cjlinderi 17 im., 27 ins.. 44 ins. 

Stroke 2 ft. 6 in b. 

Reduced weight about 52 tuns, 

It will be seen that a reduction of about 50 per cent, may thus be 
made in the enginea. 

Such an engine is, however, open to many objections. It is a very 
delicate mechauiam, and ii« bearings require often and careful adjustment, 
as a slight slacknesa which would canac no perceptible noise at 65 revolu- 
tions would become a serious matter at 145 revolutions. 

In fact the engine is a near approach to the high speed engines of the 
Navy, and would require a large and highly trained staff of engineers. 
It IB indeed doubtful if even tlien it could be kept at its original eSioiency 
ua a machine. 

t'rom the atandpoint of steam economy it is probably on a par with 
the 65 revolution engine, as the gain due to the increaaed speed of revela- 
tion would probably be balanced by the loss due to the much smaller 
cyUnders. 

Such an engine properly designed, and well and thoroughly jacketed, 
of the ordinary triple expansion type, could be depended upon to develop 
1 indicated horse-power for 15 lbs. of steam at 175 lbs. absolute per 
hour, corresponding in a good boiler, and witb good coal to about 1'5 lbs. 
of coal [jer indicated horse-power per hour, or for 800 indicated horse- 
power about 12-8 tons per 24.hour8. 



122 HlQil HI*EED ECXGINES FOB CABOO BOATS. 

As an fingine more sni'ted to the requirements of the mercantile marine 
in being less tsenaitive, and at the same time more economical, than tha 
foregoing, while being a decided advance upon the ordinary practice ae 
regards weight economy, the writer begs to place two deeigm before the 
IngtiCiitioa. 

FigB. 3. i, and 5, Plates IX., X., and XI., represent design No. 1. 
It is a single-acting triple expansion engine, witit three cylinders over 
three cranks set at 120 dt-ga. The engine ia jacketed throughout, the 
jacket ateam entering the covera first and then passing dovniwards to the 
cylinder jackets. 

The workiug Steam acta only npon the tops of the high pressure and 
initial pressure pistons, the bottoms of these cylinders being in open 
communicatiou with the next receiver. The low pressure cylinder ia 
soraeu'hat different, being a cylinder uaiiig steam somewhat after tlie style 
of the Coniiali pumping engines— that is, the steam acta first upon the 
top of the piston, and when that approaches the bottom of the stroke the 
two ends of the cylinder are pnt in communication, thus equalising the 
pressure on each side of the piston, The return or npward atroke ia made 
in this state of equilibrium. The bottom then exhausts into the condenser. 

It will be aeen, therefore, that the espansiou in the low pressure cylinder 
is divided more or less distinctly into two stagos, the upper side of the 
piston and the top cover having the higher temperature, and the lower 
side and bottom of the cylinder only being subjected to the temperature 
of the condenser. 

In each of the points previously mentioned, aa tending towards 
economy of ateam, this engine has an advantage over an ordinary engine. 

1st. — The cylinders have twice the capacity of the cylinders of & 
double-acting engine aa usually designed for the same pressure and 
number of revolutions, 

2nd. — The ports are short and direct, and the surfaces exposed to the 
maximum range of temperature are kept small and are efficiently jacketed. 

3rd. — Part for part there is less variation of temperature than in an 
ordinary double-acting engine. Thus, the cover and upper side of the 
piston and ateam ports are exposed to a range temperature, corresponding 
to the niuge in pressure to which these are subjected, but the lower part 
of the cyhuder walla are subjected to a much amaller range of temperature, 
aa they are never in contact with high pressure steam. Figa. 6 and 7, 
Plate XII., show this graphically ; these diagrams show the range of tem- 
perature and amount of txpoaed aui'faec for the high presaure cylinder of 
this engine and for the high pressure cylinder of an ordinary double- 
acting engine of eijnat power. 
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' 'Mkar-Water in the cylinder is got rid of as wntcr. ThiB can never 
I'iln QM vith water on the tup side- of the piBtunoranordinury doable- 
aotiiig engine, and ia rarely so even on the bottom side of the piston. 
This trill be plain when it is remembered that the exhaust port is closed 
before the pietoa reaches the top of its stroke, at which point only oonid 
water upon the top of the piston escape as water. 

5th. — The condeoser temperature is the beet possible. This of courne 
ia not inherent to the design, but may be common to any engine. 

From a practical point of view, and looked upon only as a machine, 
the advantagea of the design are sufficiently striking. 
There ore no glands subjected to boiler pressure. 
All the pressures are in one direction, and hence the bearings will mn 
withont knock nntil quite worn out. 

Those two points in themselves brand the desiga as practical. 
An engine of this design could ran with safety at abont 170 to 17fi 
revolntions per minute. 

The reciprocating masses are : — 

High prMmra E'G pouDds per square incb. 

Inlermadiate preasare 216 „ ., 

Low prenore 102 „ „ 

For 800 indicated horee-power at F75 revolutions the engine wonld 
be aa follows : — 

Diameters of cjUnderi 17 ina., 28 Ina., 47 ing. 

Stroke 8 ft. 

Connecting rod 4^ cranlu. 

The pressures required to accelerate the reciprocating masses are : — 

High prosauro 106'8 ... 67*3 

Intermediate prcsiiQra 41'6 ... )!6'1 

Lowpreaanro 18-66 ... 13'M 

The high initial pressure in the low pressure ia admisBibte, because of 
the division in the range of temperature. This, however, is the fastest 
speed at which the writer would care to run this deaign of engine. 

A set of theoretical diagrams for this design are shown in Fig. 8, 
Pkte Xlll. The estimated consumption of steam at 175 Iba. absolnte 
pi-esBure ia mtder 13 lbs. per indicated horse-power per hour, correspond- 
ing to about I'S lbs, of coal per indicated horse-power per hour under 
the same conditions as before, or about ll'lS tons per day for 800 
indicated horse -power. 

The weight of thia engine would be abont G5 tons, and the price 
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about Lhe same as iin oi'<liuary donble-ocling engine having the same size 
of cylinders, th»t is bo say, much leea than an engine of the ordinary 
type, and working at the ordinary number of rcvotutiona, 

Aa already stated, this is the limit to which the writer nould be 
prepared to go with this desi-fn of engine. For urdinary work he would 
recommend 150 to 160 revolationa, with a oorresponding increase in the 
size and weight of the engines. 

At this speed there would be do need for a high initial presaore in 
the low pressure cylinder, and the nmge of temperature in each cylinder 
would be fully under the control of the designer. 

For atill higher speeds of revolution the writer wonld propose an 
engine after No. 2 design (sec Fig. 3, Plate XIV). This is a single-acting 
engine similar to No, 1 design, with the addition of three air cylinders 
tandem over the steam cylinders. 

The office of these air cylinders is to allow the pistons to alternately 
compress and eapand the contained air. The reaction thus obtained 
being utilised to retard and accelerate the reciprocating masses. There 
is a non-return valve at each end of these cylinders by which air is auto- 
matically admitted when the pressure within the cylinder falls bebw that 
of the atmosphere, so that at each end a cylinderfnl of air at atmospheric 
pressure is compressed into the clearance space and then allowed to expand. 

By properly proportioning these air cylinders, as regards size and 
clearance space, it is quite possible to retard and accelerate the reciprocat- 
ing masses at any speed, however great, without any undue stress being 
thrown on any part of the machinery. Fig, 10, Plate XV., shows a 
diagram from one of these cylinders, designed to allow of nearly all the 
work of rctai'ding and accelerating the reciprocating masses being done 
by tUe air cylinder. Of course any less amount may be thus taken up, 
and the remainder used to equalise the pressures produced by the steam 
in the cylinder. 

Such an engine is of necessity somewhat more complicated than that 
shown in design No. 1; but it is also more perfect, and for speeds above 
175 revolutions per minute with an engine of 800 horse-power some such 
device would be necessary. 

For starting the engines means would he provided whereby some or 
all of the air would escape from the air cylinders. 

An engine of this design to indioite 800 horse-power at 200 revoln- 
tions per minute wonld be of the following size ; — 

Diameter of CfUnders 16 ina., 26| iiu., 44 bi. 
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A theoretical diagram for this engine is shown in Fig. 11^ Pkte XY. 
It will be seen that in this case there is no necessity for a high initial 
pressnre in the low pressure cylinder to accelerate the reciprocating 
masses, and so the utmost advantage can be taken of the division in the 
range of temperature in that cylinder. 

Upon the whole the writer is of the opinion that design No. 1 is to 
be preferred at this present time for cargo boats, and that the speed of 
150 to 175 revolutions with that design will give such results as would 
justify its adoption. 

Throughout this paper the writer has spoken of the piston, piston 
rod, etc., as the reciprocating masses, because they are the greatest in 
magnitude and velocity, nevertheless, the effect of high speeds upon the 
stresses coming upon the valve gear cannot be neglected in designing 
engines for high speed. The pressure required to accelerate the valve 
and gear can be found from the formulas given for the piston and piston 
rod, and this has to be added to the pressures required to overcome the 
friction of the valve. 

With regard to the gearing of the shaft, which is a very important 
detail, there will be little difficulty in designing suitable wheels. With 
improved metids and high-class machine moulded teeth there need be no 
fear. It will of course be necessary to interpose springs between the Mth 
and the propeller to prevent a sudden jar coming upon the teeth at any 
time. 

Helical gear is out of the question, owing to the end motion of the 
screw shaft, but stepped gearing lends itself admirably to the required 
purpose, and with, say, four steps, it should be possible to make a gear 
which will not be heard even in the engine room. 
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Calcuultion op Table A. 

Work done by neam =i Ap ^{1 + log. E). 

Where A is area of cylinder in sqnare inches, 

p is the absolate pressure of steam per square indi, 
L is the length of the stroke, 
E is the ratio of e^iansiun. 
Take 10 expansions. 

175 lbs. absolate pressure. 
144 sqnare inches area of cylinder. 
1 cqImc foot of steam. 
It is evident that the expanded steam will occupy 10 cubic feet. 
Therefore stroke is 10 feet. 

Worit done = 144 x 175 x ~ (1 + log. 10). 

= 144 X 175 X 3-3026. 

= 83^26 (column b). 
As this amount of work could not be obtained in any engine because 
of losses due to initial condensation, etc, a reduction of 25 per cent, is 
made to cover these losses: — 

^^"^^/wT ^^ = ^^»-^l^ (column e). 

There has, however, been no reduction made for back pressure in the 
above. To allow for this, it is assumed that the back pressure in the 
cylinder will be 1^ pouods more than the condenser pressure. 

Thus in colunms d and e the condenser pressure is '085 pounds per 
square inch, and the back pressure in the cylinder is assumed to be 1*585 
pounds per square inch. 

The n^ work with this back pressure becomes: — 

62,419 — (1-585 x 144 x 10) == 60,187 (column d). 
The amount of heat expended to produce this work is found as 
follows: — 

Weight of 1 cubic foot of saturated steam at 

175 lbs. absolute *S905 lbs. 

Total heat above 32 degs. of 1 lb. steam at 

175 lbs. absolute 1,194*4 th. units 

Water heat corresponding to condenser jHnes- 
snre of '085 lbs. per square inches above 

vZ Q^SS. ••• ... ••• ••• •■• Vr 
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Heat required to generate 1 cubic foot of 
strain at 175 Ibe. absolute from water at 



condenser temperature 



..=-3905(I,I9i-4— 0) 
=466 th. nniU 



Foot pounds of work obtained per thei'nmi nnit= — 



(column e). 



DMorlptioa 


^-ssr 


„. 


■^fe,-" 


iW.. 


^MH^ 


Ordinar; type Triple Eipm- 
sioii GaduEi, on Three 
Cr»nk« 


66 


800 


106 torn. 


294 lbs. 


13 tons. 


Hi)(h Speed Triple Eipanairiii 
Engine, ordinarj type 


146 


800 


62 „ 


116 „ 


12-8 „ 


Derisn No. 1 


175 


800 


85 „ 


182 „ 


1116 .. 


DMignNo.2 


ax) 


600 


68 „ 


168 „ 


11 .. 



niscussioN. 

Mr. James Patterson said tie was sure tliey were all very much 
indebted to Mr. Hall-Brown for bringing before them an intereating 
paper full of BUi^efltiveneaa. It waa one (rora which they might ail 
derive information. It wae impossible witbin the prescribed limits of 
time to attempt a detailed criticism of a paper which opened so many 
Bubjects as this one did, and he would therefore con&ne the remarks 
he had to make to two points. These were, he considered, the two 
principal heads of the paper, viz. : the propeller and the proposed engine 
for driving it. The writer of the paper thought that the preaent 
propeller in cargo steamers must lie taken as the iiest possible for reasons 
he gives. He (Mr, Patterson) differed from him, and pointed out that 
the very same reasons would prove that the present engines in cargo 
steamers must be the best possible, therefore there was no occasion for 
better, or no room for better. Further, to make room for the intro- 
duction of the proposed new type of engine, it liod to be shown that 
the efficiency of the propeller was reduced very quickly with the increased 
numlier of revolutions. The first step in this process was to give the 
diitgram given by Mr. Barnaby in hia treatise for efficiency of the 
propeller, which showed the efficiency falling somewhat rapidly as the 
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revolntioiis increased. He did n:>c think, however, that it represented 
the actnal state of the oiae w::h ne^rd lo the efficiency of the marine 
propeller as the revolations were increased. In the first place that curve 
represented the result of experiment on a f^Kruliar type of propeller, 
of one fixed sarface-ratio, and one fiied pi:ch-ratio, both of which might 
be altered so as to give better results at the higher revolutions ; and in 
the second place the model was working in s:ill water, and therefore was 
not nnder the conditions in which a ship's propeller works. The results 
most therefore be used with caution. If, however, they took, for argument 
sake, the 65 revolutions to be the best for the 800 horse-pt^wcr, and 9^ 
knots, as far as the propeller is concerned, to increase this to 80 revolu- 
tions was a very small step, and he thought it might be done without 
any reduction in the total propulsive efficiency for several reasons. One 
reason (he did not know whether there was very much in it, but to him 
there appeared to be something) depended upon a consideration of the 
augmented resistance caused by the action of the screw. Take Mr. 
Froude^s analysis of the power required to drive a ship as sufficiently 
correct for comparative piLrposes. 

Let E.H.P. = effective horse-power. 

Let S.H.P. = ship's horse-power, that is the total I.H.P. less the 
I.H.P. due to slip, then Mr. Froude divides the indicated horse-power 
required to drive the ship into that required to overcome. 

1st. — ^The resistance of the ship = E.H.P. 

2nd. — ^Augment of ship's resistance due to the 

negative pressure caused by the action 

of the screw ... ••• ••• ••• ^ *4 £.H.P. 

8rd. — Water friction of screw = *! E.H.P. 

4th. — Constant friction of engines = *143 S.H.P. 

5th. — Friction due to working load = •143 S.H.P. 

6th. — ^Air-pump resistance = '076 S,H.P. 

.'• by addition of these six elements — 

S.H.P. = 1-5 E.H.P. + -861 S.H.P. 
= 2-847 E.H.P. 

Add slip tV S.H.P. and I.H.P. = 2-582 E.H.P. 
Therefore, of the 8o0 I.H.P. in the case under consideration, only 810 
is effective horse-power. 

Now, suppose that the revolutions are inci*eased from 65 to 80, and 
that to do this a smaller propeller is used with greater slip. The 
quantity of water thrown aft by this propeller will 1x3 less than in the 
first case, and consequently the augment of the ship's resistance will be 
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9 fexperiraeut confirmB this), or, in other worda, the hnll efficiency 
will be greater. Tuke «n esLremt- case aud Buppuse that the augment 
of resistance is reduced from '4 B.H.P. to '2 E.H.P., what wnnld be the 
I total I.H.P. ? 



H.P. + -2 B.H.P. + -1 K.H.P. + -1*3 8.H.P. * 143 8.H.P. + -075 8.H.P. 
.-. S.H.P. = 2-03 E.H.P. 
I.H.P. = 8-24 E.H.P. 
I.H.P. = 2-24 X 310 = 714 






POf oonrBc, it te not pretended that there is a redaction even approaching 

I this in extent, but the iliminution of this augment of rcaistance will 

f neutralise, at least to some extent, the supposed loss of efficiency of the 

■ •crow, wbiuh, with this alight increase of revolutions, cannot be very 

1 great. Our everyday experience also seems to show th^ the qaicker 

I nnninf; engine is at least aa ofGdenb in total propulsive effect as ita 

lalower brother. Compare now thedonble-actiogeogiae at 80 revolutions 

I with the engine Mr. Eall-Bronn proposes to drive the ship. It is a 

I tinglo -acting; engine to run at 160 revelations. Both these eogines will 

\ bo of the same sizo, and the initial friction of each will be the same, and 

f eoHW»iuoiitly the power required to overcome the initial friction at 160 

rwviJuliouB will be double that at 80 revolutions. In llr. Froade'a 

unalyais wo luuat therefore write ■286 S.H.P for horse-power due to the 

tnilitU fl'ictioii. There was also the iriction of the working load, which 

a the down stroke of the single-acting engine will take jnst the power 

■iWntrMl kltogethor for the double-acting engine. Sometliiug most be 

§Mkl«d for llie upstroke — let us say one-fourth (which is a moderate esti- 

|'9wl«). giving horse-power due to friction of working load = '179 S.H.P. 

I Tltf OtiH vagUw wo therefore get 

|(H.(\ - K.11,1'. ♦ -i B.[I.1\ + -1 E.H.P. + '288 S.H.P. + '179 S.H.P. + -075 S.H.P. 
.-, MI.P. = 8-26 E.H.P. 
1. 11. P. = 3-686 E.H.P. 
[WV H.H.P. - 810 

.■. Ml. P. - 3-586 X SIO = l.ni 

If kkUi ku ttti,tM||hl WW a very large increase of power to be compensated 
flM *V * K'^'W ^'f wttlvituioy ill sumo other part of the engine. 

Thi. l'Uii.-iiiniNT. »■« adjoiirning the discussion till the next meeting, 
ili»mlv*nlagv of not having seen the diagrams prepared 
.1 ki illiuttrate bis paper rendered it almost impossible 
< > ku lake np the matter io the masterly way Mr. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS AND 

SHIPBUILDERS. 



Sixth Session, 1889-90. 



PROCEEDINGS. 



FIFTH GENERAL MEETING OP THE SESSION, HELD IN THE LECTURE 
HALL OF THE SUBSCRIPTION LITERARY SOCIETY, FAWCETT 
STREET, SUNDERLAND, ON FRIDAY EVENING, FEBRUARY 
14th, 1890. 



F. C. MARSHALL, Esq., Pbesident, in the Chaib. 



The Secretary read the minutes of the previous General Meeting, 
held in Newcastle-upon-Tyne, on January 13th, 1890, which were 
approved by the members present and signed by the President. 

The ballot for new members having been taken, the President appointed 
Messrs. James Patterson and M. Sandison to examine the voting papers, 
and the following gentlemen were declared elected : — 

MEMBERS. 

Findlay, John Taylor, 11, Nelson Street, Sanderland. 
Qoddard, Qeor^e Arthur, 100, Park Crescent, North Shields. 
Mavor, Alfred E., 4, Elmbank Crescent, Glasgow, N.B. 
Mills, William, Bridge Crescent, Sanderland. 
WilUams, T. Fitzroy, 64, Linskill Terrace, Tynemouth. 

ASSOCIATES. 

Casttap, WiUUtn, 28, Cawley Road, Victoria Park, Loudon, N.E. 
Mullcr, J. C. F., 28, Vieille Roate, Antwerp. 
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DEPUTATION TO LLOYD'S COMMITTEE. 

The President said that, with regard to Lloyd's Committee, the 
Olasgow Shipbuilders' Association was arranging for a meeting to be 
held in Carlisle somewhere about the 20th February, when further 
steps would be taken as to waiting upon the Committee, and the 
Institution would be represented. 



The discussion on Mr. E. Hall-Brown's paper on "High Speed 
Engines for Cai-go Boats" was then resumed, after which a paper by 
Messrs. W. Kilvinqton and Alex. Taylor on "Boiler Furnaces" was 
read. 



i SPEED BNtilNBa FOK C 



ADJOUKNED DISCUSSION ON MR. E. HALL-BROWN'S PAPER 
ON "HIGH SPEED ENGINES FOR CARGO BOATS." 

The President said, they were ail very much iaterested in the paper 
which Mr. Hall-Bruwn read ut the laet meeliu^ in Newcastle, and bu 
believed they would have upon it a very interesting diacussioD. There 
were a good many novelties siiggeBtwi by Mr. Hall-Brown, and, as 
somebody bad said, there was a ^reat deal of original thought in it. 
He therefore hoped there would be no delay in diBouaaing the whole 
paper in all ita varied aspects. 

Mr. R. L. Weiqhton said, he thought the meeting would agree with 
him that the author of the paper deserved to be i»mplimented, very 
largely l>ecaitge he bad bad the courage to bring forward proposals of 
SDch marked divergence from practice. He was also to be complimented 
on the full and careful way in which he had gone into the details of bis 
Bclieme, and he (Mr. Weighton) hoped that adverse criticism would not 
have the effect of discouraging but rather of atimulattng bim to renewed 
effort, though poeaibly on somewhat different lines. The Brat thing that 
struck one on reading the paper was that while the author started out 
with the intention of promoting two important economiea — weight and 
ftiel — he ended in proposing for this purpose a type of engine which— 
other things being equal — doubled the weight (viz., a single-acting 
engine), and of which the ultimate fuel economy was at the best 
hypothetical. The gist of the whole matter hinged nixin the jrrope/lfi 
question, and on tbe assumption made in the paper, tbiit sisty-five 
revolutioiiB per minute was the highest speed of revolution, from an 
economical point of view, for au ordinary curgo vessel of about ^^ knote 
and 80u indicated hoi-se-power. Now he (Mr. Weightou) submitted 
that this assumption was unwarranted even on Mr. Barnaby'g theories. 
He (Mr. Weightou) did not think Mr. Barnaby himself had intended any 
such general and sweeping application to be made of liis conclusions, 
especially seeing that his rules would give a propeller about 18 feet 
diameter running at fifty-two revolutions as tbe most suitable projiellcr for 
the ship in ijuestiou. This was in his (Mr. Weighton's) opinion alianrd. 
Mr Barnaby neglected mrface entirely, and this alone was sufficient to 
limit the iiinge of application of his cuncluHiuiis to the particulai type of 
propeller with which he experimented. It wimid be well were Mr. Hull- 
Brown to give the full partieulara of the propeller he reeommendeii for 
the 9} knot vessel. 80 far as bis (Mr. Weighton's) expeneuce had 
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gone, he could not by any meaoB say that tlie beat posaibie propeller for 
such a vessel had beeu arrived at. beeaoBe there was no nnifonnity 
amongst engineers in regard to these matters, each maker had his own 
notions and put in hia own proportiona of propeller. Fvery ship was in 
a sense an experiment in propellera, If this was so then there was no 
necesfiity for having recourHe to a special type of high apeed engine and 
gearing snoh ns the anthor recommended. The same weight economy 
and fuel pconomy might be got by nsing an engine of the ordinary double- 
acting type, and ranning at one-half the speed of the author's engine. 
It was well to examine into the assumptions underlying the proposals of 
the author. In the annexed table, page 135, No, 1 waa the ordinary 
standard engine mentioned in the paper; No. 2 was the anthor's engine 
intended to supersede No, 1. It would be observed that while No. I 
was working at 22 lbs. reduced to low pressure. No, 2 had 29 Iba. 
This he (Mr. Weighton) did not think possible on the same basis as 
No. 1 for economy, and allowing a reasonable increase of economy to 
No. 2 due to various causes. He would, therefore, substitute the larger 
engines, No. S for No, 3, as being the smallest sizes to give the power 
at the required revolutions, The weight of No. 3 would be 7fl tons. 
Now, instead of single-acting, let ns take No. 4 double-acting as a 
snbfltitute for No. :i. No. 4 weighs 79 tons (same se No. 3) and being 
double-acting it need only run iit half the revolutions, i.e. 87'5, In 
this last engine all gearing is done away with, and ho {Mr. Weighton) 
thought ho would certainly — if he had a choice between Nos. 3 and 4 
— choose No. 4, and would risk any small loss which might be feared 
in efficiency of propeller. The fiiel economy of No. 4 would be at 
least as high as No. 3, and all gearing is done away with. There were 
some good features in the author's design. These were — firat, small 
ranges of temperature in the cylinders; second, a lai^ amount of 
compression at the top of the low pressure cylinder ; third, the single- 
acting nature of the engine rendered it suitable for nnusually high 
speeds, though it wap doubtful if at 175 revolutions it be needful to 
adopt the single-acting type ; fourth, the great Iwiility it offered for 
efficient draining of the cylinders and receivers. There were also, how- 
ever, some rather undesirable features. These were — first, the turning 
effort on the crank-shaft was only half what it waa in double-acting 
engines, and ho surmised the friction on the bearings would be vastly 
increased on this account ; second, the absence of any compression at 
the bottoms of any of the cylinders ; third, the great inefjuality in the 
maximum and in the moan loads on the l)earings. In ronnd numbers 
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the mazimnm load on the high pressure was 24,800 lbs., on the 
intermediate pressare 25,000 lbs., and on the low pressure 84,700 lbs. 
The last exceeded the first by 42 per cent. Again, the indicated power 
of the high pressure was 288, of the intermediate pressure 240, and 
of the low pressure 850. The last exceeded the first by 47 per cent. 
Fourth, the engine would not be so readily handled as the double- 
acting type. The inertia question did not appear to be quite clearly 
put in the paper. He did not understand how the speed of the engine 
oonld be determined by the strength of the piston rods, so long as 
steam was driving the engines, but he may have misunderstood the 
author's meaning on this point. Altogether the paper was most sugges- 
tive, and one which opened up problems of a very far reaching nature, 
the discussion of which could not but be conducive to the progress and 
advancement of engineering. The only drawback was that for the dis- 
cussion of such problems in any adequate fashion not one night but 
several would be required. 

TABLE. 



No. 


Engines. 


Weight 

in 
Tonii. 

105 


ReToIutions 

per 

Minute. 


Me«nPromnrc 

Reduced t<» liow 

Premure Cylinder. 


Single 

or 

Doubie-Aoting. 


1 


22 .37i 60 
39 


65 
175 


22 
29 


Double. 
Sinjflu. 


2 


17 28 47 
36 


65 


3 


19— 30 J— 52 
36 


79 


175 


234 
22 


Single. 


1 

4 

1 


194—32-54 
36 


79 


87i 


Double. 



1.— Ordinary st^ndftrd engine. 

2. — Mr. Hall-Brown*8 engine Too small to give the power with the economy 

assumed. 
3. — Mr. Hall-Brown's engine enlarged to give the power requircil. 
4. — Ordinary standard engine equal to No. 3 in weight and fuel, and running at 

half the revolutions and without gearing. 

Mr. W. KiLViXQTON said that in the very exhaustive way in which 
Mr. Weighton had treated the paper a great mXiny things which he had 
intended to refer to had been dealt with. He must, however, congmtulate 
the author of the paper as heartily as Mr. Weighton had done, and 
anything he had to say would be taken by Mr. Hall-Rrown as merely 
friendly criticism. He had gone over the calculations in the same way 
as Mr. Weighton. 800 horse-power was not the greatest power applied 
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in cargo boate, and if they doubled thai, und took a ship that went iit ihe 
same speed, they found, adopting the same fommla, tliat they reqaired a 
propeller about 26 feet. Of course that propeller could not be applied to 
cargo boats, or any vessel, so far as he was aware, so that Mr. Hall-Brown's 
Bolntion of the problem entirely broke down. As to the weight of the 
connecting rod, Mr. Brown had said that it was usual to take half the 
weight of Lite connecting rod. He (Mr. Eilvington) thought that was 
nob usual, and was moat certainly wrong, which would be aiiparent to 
anyone if they considered that the centre of gravity of the connecting rod 
moved through the same space as the other reciprocating parts. He had 
the same difficulty as Mr. Weighton in knowing what Mr. Brown meant 
by there being a greater strain on the piston rods due to acceleration. 
He could not see how a greater strain could be brought on the piston roda 
than that due to the maximum pressure of steam, eveu neglecting the 
weight of the piston which, however, should be taken into consideration. i 
Ue failed to see how the pressure of steam would cause more sti'ain than 
was tiiual to that pressure. What would happen if more pi'esaure was 
iwiuired for acceleration would be that the speed would not be quite 
unirorm but bu diminished at the top and bottom of the stroke. With 
ri.^rd V.I the coiidonser, he should like Mr. Brown to go more fully into 
Ml explauutioQ of that, He understood that there was a certain back 
prewure in the condenser, which was the most ecouomical, and in the paper 
it is etaktutl tliat this back pressure depends on the ratio of expansion, bub 
he must say that Mr. Brown hod not converted him to that view, as the 
ollldouuy, according to the tabic givenut theendof thepaperon page 126, 
iH ftlwayx ill tlio column under 1 lb, pressni-e. Since tlie ratio of expansion 
Wiut allervd Til ptT ocul, and the most effective results found in the same 
n4iimn, he thought therv was no strong pi-oof that the condenser pressure 
vartw) vnry much with the ratio of expansiou. The design generally ho 
Uilii'v«d would bo useftil if it were necessary ; it was excellently thought 
tiui and w«* wry well arranged, but he thought very mncli more reason 
Iwi' iln iit>c(<auty would liiive bo bo given l)efore it would ever be tried. 

Mr, AI.IIX. Tavloii quite agrtxA with the last two speakers that the 
f»^Kt Hudvrdiscutuion wasB valuable ouei it«sugge8tivene»s wasitschiet 
lUwU. 'V\ww wvro jiiKl tuoiioints he would like to sjieakalxiut — lsb,be 
WMH uudw iUv iiut>ruiiion that the engine. Pig, 3, Plate IX., was designed 
k> iw\e wtfiiflil. but In- thought that the cyhnder and cylinder cover 
)H>.kuM mitM Muuiitlvnilily to the weight without corresponding advau- 
ktttL>^«i *«■*>' ^" *'>^'^ '^"^ ^''^'y '"^^ ^^^" ^ ^ disudvanlnge it is only 
ujj W \iMuiiM iUv' iutvi'Uiodialf cylinder. The writer of the paper ' 
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B to Jacket this cylinder and its cover with steam at boiler pres- 
snre, that is with eteam at 370 degs. This cylinder is supplied with 
Bteam exhansted fi^jin the top of tlie high pressure cylinder — it has free 
Bocen to the bottom of the hi<<h pressure cylinder tind intermediiit« 
pressure steam chest, therefore if the intermediate preaanre cylinder dover 
is jacketed, why not also jacket the hi^h preaeure cylinder txittimi and 
the intermediate pressore steam chest bottom ? Again, the exhunst Btvniii 
from the intermediate pressure cylinder (nieaaitred on the theoretical 
diagrams) will never be more than 240 degs., and it surrounds the out- 
flide of the steam jacket and also passes up the inside of the cylindej*, 
and is thus exposed to an enormous amount of surface, jockehxl with 
Bt«fim at 370 degs., or a difference of 130 degs., and he would aak — Is 
not the principal effect of thin particular jacket to send a lat^te quantity 
of extra heat to the low pressure cylinder and condenser ? 

Mr. J. R. FoTHEHoiLL said, it appeared to him somewhat extra- 
ordinary that at the present age engineers had to admit the propeller had 
not advanced beyond the experiraentiil stage. He hoped in the interest of 
ahipowners such was not altogether the fact. Did it not seem remarkable, 
irtien we considered the modifications and improvements which, 
particularly in late years, had been made in the engines that the propeller 
was still in its infancy? One would imagine engineering firms of repute 
had tabulated such data (seeing so many cai^ boats now "run" the 
measured mile), that they could without hesitation design n satisfactory 
propeller for any steamer. He was glad to find a great improvement had 
taken place in the casting of propellers with satisfactory reanlta, but he 
Was of the opinion that even in the case of cargo steamers it would pay 
to make a bronze propeller and work it up true to the angle rcquirod. 
He thought the principle feature of this paper was at what speed could 
propellers of cargo boats be run ? He had listened irith grent interest to 
the remarks made by prior speakers, and regretted he could not agree 
with the views expressed by his friend Mr. Weighton relative to the speed 
of propellers. Without going into theory he might remind them the 
first consideration in designing a propeller was its diameter. Now, in 
modem cargo l>oats in which shallow draught is considered an importaint 
feature, the diameter of the propeller was somewhat afTcctcd by the 
following considerations: — The propeller must be sufficiently submerged 
so as not to break the surface of the wat«r, and it is necessary to keep the 
propeller somewhat up above the keel line as cargo boau frequently t«ke 
the gronnd. He held, for a cargo boat, it wr3 essential to eIRoiencj to 
have a large diametur propeller, and thought Mr. Weighton had entirely 
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overlooked tliaL factor wLich played such uii important parl<. namely: — 
Tho lines of the ship. In the ateamer rcfeiTed to in the paper, the 
pmmiitic coefficient is 'S02 equal to '75 block coefficient, the block 
coefficient of a fine lined ship is '45. It must be sell-evident the effect 
thia' difference would have on the propeller. Mr. Frondii fully treated 
this subject in iiia paper: — "The Determination of the most Suitable 
Dimensions for Screw Pi'opellers," read before the Institute of Naval 
Architects, 188(j. By reference to the Trunsactions you will find Mr. 
Seaton in diacnesing the paper particularly referred to steamere iinvlug 
a coefficient of 75 and srjmetimes even higher, and stated as follows: — 
"We find with these cargo boats we are bound to have a sci-ew of large 
diameter. We may settle the anrfiice and the pitch to suit our own ideas, 
but to get anything like good results, eapecially with a ship whose stem 
linea are full, we are bound to have the screw of large diameter." Ur, 
Froude in his reply stated:^"If Mr. Seaton will work out the 
dimensions of screws suitable for various ships, according to the digrams 
accompanying this paper, he will find that an increase in fulness of form 
will give precisely the results he hiis found in practice, namely: — The 
necessity of an increase in diameter of screws." Mr. Froude also points 
out: — "The skin friction resistance of screw bhjdes variea na the area 
of sprfece and ae the square of tbe speed." Mr. Sydney Barnaby, who was 
assistant to Mr, Thornycroft, and conducted nearly the whole of the 
extensive osperimente carried out by Mr. Thornycroft, and is most fully 
recognised by Mr. Fronde as an authority on the propeller, writes ae 
follows: — " If a screw propeller is placed behind a bluff stern, go that its 
supply of water is imperfect it will draw in water at the centre of the 
driving face and throw it off round the tips of the blades exactly like a 
centrifugal pump. He (Mr. Fothergill), in the face of what he had 
quoted, thought there could be no two opinions as to the necessity for a 
large diameter propeller for cargo boats, and if the skin friction increased 
as the square of tbe speed, it appeared to him impossible to run sach a 
propeller at high epeeda, because if you reduced the area sufficient to get 
up the speed the blades' would not be of suflBcient atrecgtb to stand the 
resistance let alone have form to give efficency, and therefore on the 
question of the propeller he agreed with Mr. Halt-Brown. He did not 
proiKJse to say much on the question of the engines, because in the main 
he agreed with what Mr. Weigbton and others speakers had said. Due 
to want of compression on the under-sides of the pistons, he thonght 
there would be great liability to "knock," particularly in a sea-way, and 
especially when " throttling." Assuming there was a ooutinuous downward 
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pressure on the pistons, he found the friction on the bearings would be 
very great as compared with a double-acting three-crank engine. He 
thought it desirable to look at the question from a commercial point of 
view, and assumed the author's proposal had reference to the modem type 
of steamer. Was the author aware the modern cargo steamer of steel, as 
built at the Hartlepools, when loaded with coals in the Tyne and com- 
pletely iiill, including bunkers, was barely down to her load-line mark ? 
Therefore if she was 100 tons lighter in her engines it would be of no 
advantage; of course when loading dead- weight there was a gain in relation 
to the weight saved. Then in the Indian trade at least 75 per cent, of 
steamers fill themselves with home cargo without being down to their load 
mark. There is also the question of light ship where any reduction of 
dead-weight might have to be made up by increased size of ballast tanks 
to the loss of cargo as already the draught light ship is barely sufficient. 
Take a steamer on a usual voyage, say to Aden, Bombay, and home, and 
assume she can load an extra 50 tons (reduced weight of machinery) 
outward and 25 per cent, of 50 tons homewards, based on present rate of 
freights and price of bunkers, we have as follows: — 

je s. d. 

50 tons outward to Aden, at 14s. 6d 36 6 

Less 10 9^ brokerage, etc 8 12 6 



Less Ls. i)er ton discharging . . . 
Net outward gain 



25 % of 50 tons Bombay cargo home, at 258. 
Less 5 % brokerage, etc 



Less Is. })er ton discliarg^ng on 12i tons . . . 

Net homeward gain 

,. outward „ ... 

Total gain jHjr voyage 
(Of, say, from 3 to 3^ months.) 

The speed of the ship is 9^ knots, therefore she would be 60 
days steaming on the voyage. If we divide the amount gained 
(£44 Os. lo^d.) over ()0 days it gives 148. 9d. v>er day. Say, the 
average price of bunkers (assuming none are taken the other side of 

VOL. VI.— lf«). ^ 



32 12 


6 


2 10 





£30 2 


6 


£ 8. 


d. 


15 12 


6 


15 


74 


14 16 lOi 


12 


6 


14 4 


4i 


30 2 


6 


£44 6 lOi 
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tbs oaotl) ftre iOa. per ton, we thna sea that a saving of j ton per day 

in the ooostunption vonld eqnal the gain due to a reduction or oO tons 

in Ifae weight of machinery ; or, to pnt it another way, aappoee yon 

inciiMiii the speed of the ship a good ^th of & knot per hour you will 

flnke ths Torag« in &9 instead of 60 days: a saving of 1 day in a ship of 

tkii aiie tt eqaal to the above gun, which might be obtained by a careful 

■ad wdMcdgned propeller. He (Mr, Fothergill) on the above showing 

wM not tgne with the author that it was desirable to adopt high 

1 cargtt boats, seeing we now huve good running and 

I triple en^nee. It appeared to him most undesirable to 

t such a i^dical change as advocated by the author, the extra 

) and knowledge required by the engineering staff and the 

) extra cost of upkeep would probably ssvallow more than the 

The »ving in comnmption which Mr. Hall-Brown estimated he 

e he looked upon as purely hypothetical. In practice he was 

i Opinion there would be uo saving whatever. At all events he 

e Butiicieut encouragement to accept tho proposition. He had 

telMHled to have said something on the question of steam jackets, but 

KmI alivody cxotwied the time at his disposal, and therefore would only 

wy Hi' hnd g<.<ue somewhat into tiiis question, and was fully of the 

v^'uK)ii« — in e»rgo boats^you would get more value out of yoar steam 

l^T (Ming it ia the cylinder than in the jacket. He was speaking 

),VIWlMtlly. Ill etmdnsion, he desired to congratulate Mr. Hall-Brown 

I hia boldueas of conception, and thought he mnst feel Tery 

i b^ the discuasioQ his paper had elicited. 

M^ W, A. V. Crawtobd was of opinion that increased speed of 

WWtWMM WW iMuducive to economy, because in a well- jacketed cylinder — 

W M Wv't HiK«u st«am jacketed, the use of which was aptly compared to 

ithf Mwvw <*( i.«)tyiug water np a hill to get work fn^m it by letting it 

Vt(M >J^«« i^jwiin. but jauketed with a good non-conductor — the heat 

)fWlMlt bvM Itw tfyUsder walls and covers would be constant as soon as 

4i Wft '"MttMivi itt WMLUUum rate, and would be independent thereafter 

^ Wh "tywJi vf WX<idttliou. If this rate was reached in our own present 

'*Vn ■ ■^'"<>> ■>'■ »0 W revolutions (ler minute, he did not sec that 

L "<xl by t)ie author's design, as it would be clear that 

... tau nt 150 revolutions per minute, two-thirds of 

, I .^\1 without loss by conduction from the cylinder 

I JiJ uoi think that anyone would use gearing for 

iU\'t>Mwd x(>Md of revolution so long as they could 

-'<(- '«.'n^i%«> KL-i did Iw ihiuk the author's engine wottld run ao 
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noiaelesaly eu was anticipat«d, because the bearings would not wear at 
the same rate, and this woold cauBs quite as much knock as in the 
present practice. He joined with the other speakers in congratulating 
the author on his pluck in bringing hiB well-reaaoned views before so 
critical an Institution. 

Mr. J. M. Allan could not agree with Mr. Hall-Brown's eetimate of 
the economy to be obtained by naing Bingle-acting engines. In the 
ni-dinary double-acting {60 inch cylinders x 39 inch stroke) engine taken by 
Mr, Hall-Brown as his standard, 800 indicated horse-power is developed 
on a reduced mean pressure of 22 lbs., whereas in his proposed single-acting 
engine (Pigs. 3, 4, and 5, Plates IS., X., and XI.) a reduced mean pressure 
of 29 lbs. is necessary. To produce these pressures a ratio of expansion 
of 15 in the case of the double-acting, and 12 in the single-acting 
engine would probably be required. Under these circumstances 962,000 
cubic inches of steam per minute would have to be supphed to the 
double, and 91ii,000 cubic Inches to the single-acting engine, which 
makes a difference of fc4 per cent, in favour of the latter, not 14'2 
per cent, as given in the tables. But in this estimaUi nothing hae 
been allowed for the friction and driving of the gearing. For this 
purpose a margin of 5 per cent, does not appear eieeasive, so that 
the boilers would have at least to supply the same amount of steam 
in each case, and no saving would result. The principal advnnt^e 
in the design seemed to be in not exposing the glands to full boiler pres- 
sure. Mr. Hall-Brown in estimating the pressures required to accelerate 
the reciprocating masses had made the necessary correction for a finite 
connecting rod, but had omitted to make any for the fact of the 
engines being vertical. He should have deducted the weight (per 
square inch of piston) of the reciprocating parts from the presaure 
required to accelerate them at the top of the stroke, and added it to the 
pressure required for the same purpose at the bottom. This would bring 
the top and bottom pressures much more nearly equal than they are 
shown to be in the tables. Mr. Hall-Brown also states that the piston 
rod has to bear a stress due to the pressure required to accelerate the 
whole of the reciprocating masses. This is a mistake, because the piston 
only can stress the piston rod screw; the effect of the whole comes on the 
connecting rod bolts alone. 

The President intimated that if there were any who wished to 
criticise the paper further they could send their remarks to the Secretary. 
He would now call upon Mr. E. Hall-Brown to reply. 
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Mr. E. Hall-Brown said, before replying in detail to the very able 
and kindly criticism to which his paper had been subjected, he begged 
leave to thank the President and the members generally for the way in 
which the paper had been received, and for their many kind and 
encouraging i-emarks. 

The object of the paper was to place before the Institution a solution 
of what appeared to the writer a very important problem, viz., how to 
combine increased weight economy with increased fuel economy in 
engines for cargo boats. Undoubtedly the final decision upon the worth 
of these proposals could only be obtained by actual trial, nevertheless 
he hoped to be able to show that very few of the objections urged to these 
proposals had any real basis. 

Mr. James Patterson was quite right in saying that the experiments 
from which the curve in Fig. 1, Plate VII., was plotted, were made with 
a peculiar propeller. It was a Thomycroft propeller. Nevertheless, the 
curve there shown wbs a characteristic one for all propellers, as might be 
seen from Mr. Fronde's papers in the Transactions of the Institute of 
Naval Architects, 1883 and 1886. 

The curve showed conclusively that there was a slip ratio which 
corresponded to maximum efficiency. He (Mr. Hall-Brown) would not 
maintain that he had been right in giving the loss of efficiency due to an 
increase of 50 per cent, in the speed of the propeller at 17 per cent., but 
he would maintain that no increase could be made without some decrease 
in the efficiency of the propeller. 

It was evident that to increase the speed of revolution, and at the 
same time to retain the same diameter of propeller as at first, would be to 
increase the work absorbed by the friction of the blades. And as the 
friction varied as the square of the speed (nearly) this would soon be a 
serious matter. To overcome this difficulty Mr. Patterson proposed 
to reduce the diameter of the propeller and to increase the slip ratio. 
There was a very practical objection to reducing the diameter, viz., the 
bluffness of the stern-lines of such a ship as " C." It must be borne in 
mind that it was cargo boats with which this paper dealt, and there 
were few engineers engaged in the manufacture of machinery for such 
boats who had not found from experience that a small propeller was an 
inefficient one. A theoretical objection — but no less he thought a very 
real one — was to be found in the fact that the smaller propeller required 
an increased slip ratio. 

Mr. Barnaby-s experiments gave for 800 I.H.P. and 9i knots a 
propeller 18 feet in diameter. This implied that the present propeller 
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used for cargo boats was smaller than it shonld be, and therefore that 
the point of maximum eiSciency had been already passed. In that case 
increased slip ratio must mean decreased efficiency. 

But Mr. Patterson hoped to be recouped for any loss of propeller 
efficiency by a decrease in the augment of resistance caused by the 
action of the screw. He showed very clearly the effect of a reduction 
of 50 per cent, in the augment; but afterwards explained that he did not 
expect to get this, although, he said, experiment showed that he would 
get something. Mr. Froude's experiments, on the contrary, proved that 
variation in the dimensions of a propeller had no effect whatever upon 
the augment of resistance, which was a function of the thrust and 
dependent upon it. The amount of augment varied with the shape of 
the stem of the ship, and with the position of the propeller ; but not with 
the size or form of the propeller. 

As regards the propeller, then, he (Mr. Hall-Brown) claimed that to 
reduce the diameter, or to increase the speed of revolution, would be to 
decrease the efficiency. This was borne out in his experience, which 
might be said to have been practical experiments upon a very large 
number of actual propellers, the results of which had been analysed for 
the purpose of determining the best propeller. In spite of Mr. 
Patterson's remarks he still thought it a proof of the survival of the 
fittest, that the practice of the builders of cargo boat engines was very 
uniform as regards their propellers. The remainder of Mr. Patterson's 
remarks dealt witii the design of engine, and were based upon Mr. Fronde's 
estimate of the friction of a marine engine. 

Fboudb's Estimatb of Evoinb Feiction, btc. 

Horsepower absorbed in constant friction due to the dead-weight 

and tightness of the mo\'ing parts '143 S.H.P. 

Horse-}K)wer absorbed in friction dne to the working load of the 

t^UK^t^K" ••• ••• ••• ••• ••« ••• ••• ••• X^lO ^•Jtl«X^« 

Horse-iwwcr absorbed in air-pump resistances -OTS S.H.P. 

Total -seian.?. 



And as I.H.P. = 11 S.H.P. 

Total engine resistances = *828 I.H.P. 

That was to say, leaving the propeller entirely out of the question, the 
engine was estimated to take nearly 33 per cent, of the I.H.P. to drive 
itself ! He would not go into particulars as to how this extraordinary 
result was arrived at, but would merely remark that it was one which no 
engineer could consider correct. 
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He alao tfiehed to poiat ont thnt the amount of FHction placed agtiinBt 
the proposed engine hy Mr. Pattcrsou was the enormous amount of 49-1 
per cent, of the I.H.P. He (Mr, Hall-Brown) hoped to show that both 
of these estimateB were much too high. 

Oar knowledge of engine friction depended chiefly upon experiments 
by Walther-Mcuuier & Keller, Hiru, and Thurston, One result of these 
experiments, and tlmt which perhaps concerned them moat as marine 
engineers, was, that it was conclusiTely shown that the friction of un 
engine woe entirely independent of the load, and was ccmstaiit, as long us 
the speed of revolution was maintained constant. 

TSST OP A COKLIBS EHOIHB (SPBBDB CoNBTAKT) BT WALrnHK-MKrNIER 



■BBDB CoNBTAKT) i 

Kbllgb.* 

i 103-0 lliCS 



Indisat«d Iionc-power ... 72-8 102-0 ll!l'5 1333 lt5'4 158-4 

Horse-power abwrbod by fric- 

tioDsl resistance of engine 

Bud shaft 12-4 12-2 13-B 11-8 12-4 18-6 

Hibn's Enoivb (Spbbds Conbtamt).* 

Indicated liorse.panror 107 113 125 14G 154 

Horsepower bj brake 95 102 114 184 143 

Difference, or frictional resistance, H. P. 12 11 11 12 11 

A short account of a paper by Dr. Thurston, giving his deductions on 
this subject of engine friction, was ptiblished in EnifimenTU/ for January, 
fitli, 1888, as were some remarks by Professor Denton bearing out the 
same conclusions. 

Bearing these deductions in mind, it was evident, that, if an engine 
were indicated while running unloaded at its normal speed the I.H.P. 
so obtained would be the frictional resistance of the engine. 

This had been done, and two triple expansion engines experimented 
upon gave the following results: — 



Cjlinders 
Rovolutioiis ... 
Vuuam 
Friction I.H.P. 
Loaded I.U.P. at 



21, 35, 57 ii! 
63 per minu 



linked, 47'59; tbrotUed, 44-33. 



So that the total engine resistances amounted to about 5 per cent, of the 
loaded I.H.P. This very small amount was doubtless due to the fact 
that the valves were all piston valves. The friction of the shafting was 
not inclndod, bnt against this the circulating water had to he pumped 
through 450 feet of piping and against a bead of I9'5 feet. 
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A best of a Braaller engine was ^ven in Enijmem^ing for Jane 11th, 



Cylinders 
Revdlationa 
Friction I.H.I 
Total l.H.P. loaded h 



. 11, lej, aOin.dwmetsrpaiin.ir 

. 140 per minute. 



it HO revolutions 300. 
So that the total frietional and other resiatancee of this amaiJ engioe only 
anionntfid to 11 percent, of the total l.H.P. In thia case all the shafting 
was connected. 

Theae two examples sufficed to show that the total mtemai resistanoea 
ofraarine engines were much overetated by Froude, and he (Mr, Hall- 
Brown) proceeded to give an analysis, which, while agreeing with the 
valnes actually determined by Froude's exppriments, and with the ratio 

I H P 

p-|,-p', differed materially from his analysis upon these vital points. 

Anaitbis. 

Ship-B true reaiBt»nco - E.H.P. 

Augmentation doc to action of acrow ... — '4 E.H.P. 

Total friction of cHginea - "IM l.H.P. 

Air-pump resist4iieeB , = -026 l.H.P. 

Lo« at 8CT0W, due to friction, slip, etc., 

626 per cent. etBoioncy = "SIS l.H.P. 

By addition — 

l.H.P. = 1-4 R.H.P. + -460 i.H.P. 
So that 

•531 l.H.P. = 1-4 E.H.P. 



.-. I.H.P. = - 



i;.H.P. = 2-64 E.H.P. 



He (Mr. Hall-Brown) thought those figures were more in accordance 
with onr knowledge of engine resistance, which he had estimated at the 
ample amount of 15 per cent, of the total I.H.P. These figures left less 
margin for manipnlating the item of engine friction, but he did not 
intend to leave the matter even there. 

Being anxious to arrive at the e.tact truth concerning the friction of 
single-acting engines, he had communicated with Mr. P. W. Willane, 
who had, he believed, a mure intimate knowledge of thia class of engine 
than any other man. Mr. Willana's answer was most emphatic and to the 
point. He said the friction of a single-acting engine was not greater 
than that of a double-acting engine, and gave instances of his own 
engines which indicated 200 horse-power, of which only G to fi per cent, 
was absorbed in friction. This he (Mr. Hall-Brf>wn) considered compared 
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tmtuMj wilfa toy doaUt-Mting engine of equal power, nnd the fignres 
oosld be impticiUy rdied npon. Tb« friction running light waa 7^ to 8 
par eeni. of the loUl pomr. These Sicte he considered were direct con- 
IndiotioDs to the opinki&s of Mr. Patterson. &nd he thought it was 
evident that ihej need not tbar that an; gain dnc to the enperior steam 
OGonomj of the engioe would be absorbed by an increase of frictional 



Hr. Weston had followed Mr. Patteraon to a certain extent, in con- 
demnii^ ihe conclosion that 65 reTOlntions per minute should not 
be eiceeded for the propeller of the ship " C." He pointed out very 
truly that every propeller was an expcrimeat. He (Mr, Hall-Brown) 
thoaght that, that being the case, the builders of cargo boat engines bad 
a very great nnmber of experiments upon which to found their conclu- 
sions. In the case of his own firm he could say that these experiments 
were carefiiUy watched, and the result of any departure caref^y 
analysed. Fmm these experiments the conclusions stated in the paper 
had been arrived at. The idea that a propeller 11^ feet in diameter, as 
prop"9ed by Mr. Weighton, would be an economical one for the ship 
"0" seemed to him to be utterly absurd. He was of the opinion, 
that, builders of cargo engines knew a little more about the propellers 
with which they had to deal, than Mr. Weighton gave them credit for. 
Mr. Weighton had given u table (page 135) in which for comparison 
the size of the engine of No. 1 design was increased until the total mean 
pressure reduced to the low pressure cylinder was only 23^ Ibe. per 
square inch. This Mr. Hall-Brown decidedly objet-ted to. The expanded 
diagrams given were carefully worked out, and were as reliable as it was 
possible to make them. The water shown in these cards was 11'4 Ibe. 
per indicated horse-power per hour. The consumption of water given 
in the paper was 13 lbs., and he thought this left an ample margin for 
jaokets, initial condensation, etc. 

As an example of the high economy to be obtained by properly 
designed single-acting engines he instanced the performance of Willims's 
high speed engines. One small triple expansion condensing engine of 
this type had given the remarkable result of 15-1 lljs. of water per horse- 
power per hour, using steam at 170 lbs. pressure. This was a splendid 
result and compared fnvourably with the largest sized triple ex)»nBion 
engines of the oi-dinary type. The reasons for this great economy he 
thought were the high speed of rotation, the efficient draining of the 
engine, and the fact that it was a single-acting engine. The engine 
proposed in the pitpcr was designed to embody these advantages which 
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were tho souitjes of economy in the Wiiluiis's engine, while represeuting 
» type suitable for indicating gitater powers thau his. He (Mr. Hall- 
Brown) therefore claimed that his estimate of tlie economy of these 
engines i-ested upon good grounds. 

The engine which Mr. Weightou brought forwai-d was an oiilinary 
triple expansion engine, making 87J rp.volutions per minute, and there- 
fore by the preceding arguments must have an uneconomical propeller, 
and still further would have no claim to the economy expected from the 
engine proposed in the paper. Mr, Weighton bad therefore not attempted 
u gain in fuel economy, but had been content to get weight economy at 
the Bacrilice of propelling efficiency. The dead-weight ao gained had 
lieeu pointed out to be the lesser of the two ends aimed at, and if bought 
at the sacrifice of the efficiency of the propeller it was dearly bought. 

Mr. Futhergill's remarks, showing an they did the trifling gain from 
increased dead-weight capacity, emphasised this. 

Regarding the fiiction of the crank-sbuft he would merely point 
out that in an ordinary double-acting engine this amounted to fi'om 36 
to 47 per cent, of the total engine friction. This was a shaft in which the 
direction of the load was constantly changing, and the friction compared 
very nn&vonrably *vith shafts revolving under a load atwnys in the same 
direction, such as railway axles. This foot seemed to point to a reasonable 
expectation of a decrcaac in the friction in a single-acting engine, which 
resembles more the cftse of the railway axle, and this agreed with Mr. 
Willane's ideas on the subject. He did not anticipate any trouble from 
the absence of cushioning at the bottom of the stroke, and if such trouble 
were apprehended it wonld be overcome by design No. '2, 

Regarding the limit of speed of revolution, this was determined by 
prudential considerations. It was evident that if the engine began to 
race and the governor shut off the steam, the whole pressure required to 
accelerate and retard the reciprocating masses would fall upon the con- 
necting rod, bolts, etc, 

In reply to Mr, Kilvington, he would say the reason for not 
adopting an 18 feet propeller, as given by Mr. Barnaby's rales, was that 
it would be apt to break the surface of the water as there was not suffi- 
cient draught. lie had no doubt if properly covered it would Iw more 
efficient than the present propeller. For a proof of the practical accuracy 
of bis method of calculating the pressures required to accelerate the 
reciprocating masses he begged to refer Mr. Kilvington to Kennedy on 
the Mechanics of Machinery. 

Replying to Mr. Taylor, he showed jackets on all the cylinders be- 




caiiae he believed them to be a Boui-ce of economy. As the reBiilts of over 
fifty uxperiinents with edginea with and wibhoiiL jacltetB he understood 
that thci'e had been » gain in every case i from 6 per cent, with badly 
designed jackets to 20 per cent, as a maximum. And nft/er all, the jackets 
did not add ho much to the weight of the engines, as by their use the size 
of the cylinders could be reduced. The reason for not jacketing the 
Iwttoms of the cylinders, was, that the water of condensation accumnlated 
there, and if the surface was jacketed, this water would be re-evaporated, 
which was the very thing he (Mr. HoU-Bruwu) desired to prevent, 

Mr. t'othergill's remarks were an ngreciible (shange, inasmuch sis he 
agreed with the writer of the paper as regarded the size and speed of the 
propeller. In liis remarks upon the financial aspect of the question Mr. 
Fothef^ll dealt only with the gain due to increased dead-weight capacity. 
lie considered evidently that the reduction in first coat and the gain 
from fuel economy were too problematictil to be considered. In this he 
(Mr. Hall-Brawn) conld not agree with him. He had already tried to 
vindicate his claim to fuel economy, and would now place before them the 
whole financial aspect of the (jueation, which was perhaps, after all, its 
most inviting one. 

Savikg in Fibit Cobt, 
lleduction in price of engine, allowing £510 for gcarii 

eitni bearings 

Itodiiction in pricu uf boilor, due tu ilccreuiu.'d coiisuiii]> 



Suviug iu liunkcrs 1'65 tone per day, saj' 6U dajs at 20a. 

IncroMctl frdght <»rri«l, laj 00 tons, at 20s. 

Saving sboii-n bv Mr. Kothei^H 



That is about £3 lOs. per day. 

Regarding the question of jackets at sea, he (Mr. Hall-Brown) t 
sidered that by using the drains from the jackets to heat the feed-water 
in stages, and so making the jackets antomatic in their action, all trouble 
to the engineers wonld be avoided, and the efficiency of the jackets woald 
be maintained. The engine itself would require less attention than an 
ordinary engine, and as the healings would run without knock until 
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Begarding the other speakers, he thought that as his reply was abeady 
too lengthy, perhaps they would find nearly all the points they had touched 
upon dready replied to. 

The only point really deserving of further treatment was that of suit- 
able gearing. He (Mr. Hall-Brown) was sorry he had not had time to put 
his ideas regarding this upon paper, but was thoroughly confident that 
the problem presented no insuperable difficulties, and that a gear could 
be designed at once efficient, reliable, and practically noiseless, and one 
which would require no more attention than an ordinary thrust block. 

He again begged to thank the meeting for the very kind way in which 
his paper had been received. 

The President said, he thought the members would agree with him 
that Mr. Hall-Brown deserved their thanks for his admirable paper, one 
which had excited the greatest discussion he had heard within the walls 
of this Institution. He had to move that a hearty vote of thanks be 
accorded to Mr. Hall-Brown. 

The vote of thanks was accorded by acclamation. 
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BOILER FURNACES. 



By W. KILVINGTON and ALEX. TAYLOR. 



[Read before the Institution on February Uth, 1890.] 



Recently the thickness of the plates forming the furnaces of marine 
boilers has been increasing, but they have now got to a thickness beyond 
which a good many engineei*s hesitate to go, and therefore at this time a 
discussion of the question whether to go further or to stop will be both 
opportune and Taluable. Not very many years ago a plate of | inch was 
considered to be the thickest that could, or at any rate should be used for 
a furnace, and the supplement to Spon's Dictionary of Engineering says 
that plates of as great a thickness as \ an inch have been used ; but this 
information is accompanied by a warning that serious results may be 
expected to follow. It is some time since any hesitation was felt in using 
\ inch plates, and at present very few engineers, the writers believe, 
object to plates | inch thick, but they think that even this thickness 
may be greatly increased, and one of their chief objects in writing these 
short notes is to elicit the opinion and experience of the members of this 
Institution regarding the employment for high pressure marine boilers of 
what would be usually designated thick cylindrical furnaces. 

The writers have advocated and employed from the very commence- 
ment of the introduction of high pressure triple expansion engines for 
marine purposes plain cylindrical furnaces — that is, flimaces without 
corrugations, rings, or change of form and section of any kind ; and they 
are able to assert, after yeai*s of experience of their use, that such furnaces 
have given no trouble, and have been in every respect satis&ctory up to a 
thickness of | inch ; and their confidence is such after this experience 
that they would not hesitate to still further increase the thickness if the 
circumstances of the case required it^ and they now ask (and this is the 
essence of the whole question) if there is any proof and example of a case 
where a furnace has failed in any way merely on account of its thickness 
being too great ? 

This question is very important at this time and to this district, 
because here a large number — we believe the larger proportion of fur- 
naces for boilers built on the Tyne — are now made of the "plain" 
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description, and because the Board of Trade demur to pass furnaces if 
they are made of a greater thickness than f inch. The reason given by 
the Board of Trade for this is that they have no proof that the temperature 
in the thicker plates is not so much raised as to reduce the factor of safety. 
We think that this is not the case, because of the deductions to be drawn 
from experiments and formulas to be presently referred to, but especially 
from the fact that we have had thicker furnaces in use for the last 
eight years at sea which have not changed in form, and are in every 
way eflTective to-day. The writers have knowledge and complete reports 
concerning furnaces in boilers of 160 lbs. pressure, made of about | inch 
plate, which have now be^.n worked continuously at sea from three to four 
years. 

These furnaces are steel. If they had been iron, which is more 
subject to lamination, some of them probably would have failed from this 
cause. The reason for the failure of a laminated plate will be referred to 
further on. 

The important points to investigate in connection with fiirnace plates 
would appear to be (1) the influence of the thickness on the transmission 
of heat through them, and (2) the eflfect of this thickness in raising the 
temperature of the interior of the plate. With regard to transmission of 
heat, it can be shown that the sum of the resistances at the two surikces 
is so much more than the resistance to conduction through the body of 
the plate itself, that any thickness likely to be required to funiish strength 
due to compression or length can have little effect, and certainly would 
not be prohibitive or dangerous. The writers' experience of hundreds of, 
what would be called by some engineers, very thick furnaces, confirm this 
statement. 

Rankiue, in his work on the steam engine, gives the total thermal 

resistance of a plate 

= (<x' -{- a) -{- s X, 

when (a + a) is the resistance of the two surfaces, and .s' x the internal 

resistance of the plate to conduction of beat. 

We have given 

A { 1 + B (T' - T) I 

when s = '0043 for iron, 

X = thickness in inches of plate, 
A = 1*58 for dull metallic surfaces, 
B = -0037 
and T' and T = the temperatures of the fluids in contact with 
the two surfaces. 
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The writers propose to take {T — T) = 3,000 dcgs., which is a much 
larger value than is likely to obtaia ia most marine boilers. But this 
will be referred to again. 

If wc compare, according to the above fonanlje, tbe resistance of 
J inch and ^ ioch plate, we hnd that tbe total resiHtances are as 550 : 55.5. 
That ia to say, that by adding Jth of an inch to the thickness of a | inch 
plate the resistance It offers to the transmission of heat is only increased 
aboat I per cent. This shows bow little mere thickness can have to do 
with this part of the question. But this was well known long ago, for 
Kankinc says : — 

" The external thermal resistance of the metal plates of boiler fines 
and tubes, and other apparatus used for heatmg and cooling floids, is so 
much greater than the internal thermal resistance, that the latter is 
inappreciable in comparisou ; and consequently the nature and tbtcknesa 
of those plates has no appreciable effect on the rate of conduction through 
them." 

And he also states that the i-esults of e.tperiments on evaporative 
results of actual boilers justifies the disregard of the effect of thickness 
on the rate of transfer of heat. 

Mr. Ishenvood made some experiments in 1867 on the transmission 
of heat through plates varying from i inch to f inch in tliickness where 
one side of the plate was exposed to steam and the other to water, 
and he states that the thickness did not measurably influence the result. 
It ia true that those plates are not very thick ; but the variation in 
thickness is very considerable, and as far as the exjierimentB go they 
afford a remarkable confirmation of what has just been stated. In the 
instance here given of course the plates were clean, that ia, they had no 
"scale" on tbem, but it is probable that scale would affect the action of 
a thin plate in the same way as a thicker one, and apparently they are on 
a par in this respect. But heating and distortion dae to scale and many 
other causes is often only local, that is over a small surface ; and in case 
of any distortion of this kind a thick fui'nace would probably be much 
safer than a thin one, as the plate vrould be stiff enough to resist any 
dangerous change of form adjacent to the over-heated portion ; besides 
the stifliiess would check the distortion of the over-heated portion itself, 
owing to the support it would afford. 

There can be little doubt that so far as the quantity of heat trans- 
mitted through the plate is concerned, the thickness can be still further 
increased, but the increased temperature of the plate itself due to 
this increaee has yet to be considered. The writers at once admit that 
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part of the gabject, itlthougb inncli moi'e impoitant th: 
not BO clear, iind tho investigation of it miicli mure difficult. OimeidtT 
able thought hus luxa beetowed. tberofori>, on this point, und the wnt«re 
hope that at least an approsimate dowrmination of the temperature in 
tile plate has been airived at by the method now to be explained. 

Above is a calculation of the total increase of resistance to transmis- 
sioQ of heat for a f inch iis compared with a f inch plate ; bitt the 
writers think that the emphiyment of a one inch pliite would be ijuite 
Bafe for a Iwiler furnace, and the figures which follow refer therefore to a 
plate of this thickness. Taking the same formulse as i-efcrrfd to in that 
oulculatioii for 1 inch phite and S,UOL) degs. as the diB'ci'cnce of tempera- 
ture between the fire in the furnaces and the water ia the l)oilcr — which 
we may call the hfnitl of temperature which ia available to cause the flow 
of heat from tlie gnses to tho water — it is found that — 

w' ; a : ff :: S06 : 43 : 17 = 2,C)S-2° : 228° : 90° (sum = 3,U0(J°).* 
That is, that the bead of tem]H;rature between the furnace gases and the 
inside surface of the furnace plate (that is the side exposed to the fire) 
is 2,682 dega. ; and the difference of temperature between the inside and 
ontside surface of the plate itself is 228 degs. ; jind the head of tempera- 
ture between tho outeide of the plato and the water in the boiler is 90 
dogs. This cuieuktion — as will lie seen at once — entirely depends upon 
the assumption lliat the head of temperature will l>e proportionable to 
tho resistance, which seems a i-easouable assumption, and which it is 
believed cannot be far from the truth. 

Taking this, it follows that the mean temperature of the plate, if wb 
toko the temperature of the water due to steam of 1(>0 11}s. pressare, will 
be 370 + 30 + i (228) = 574 degs., which would be the temperature 
Bomewhero about the middle of the thickness of the plate ; but even if, as 
might be urged, the extreme inside temperature should be titken, then it is 
atill only 688 dega.; and since, we believe, iron up to GOO degs. is nol 
deteriorated in strength, it may be said that a plate of this thickness if 
within the limit of safety, as any decrease of strength at 668 d^., if it 
takes place at all, must be very small. 

If this calculation is true, then the temperature of a famace plate ii 
mnoh nearer tho temperature of the water in the boiler than that of the 
heated gases in the furnace, due to the very great resistance at the 



• In Homo cxpeiimcnlB the wrilew maile Uioj foumi lia' llie 
lraii«fer of lient from a metal surface mto air to be 30 to 35 ILmea llic v 
WHtor. Taking the Icsat of tlieso i/ ; * are proporlioneil 30 : 1. 
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sarface in coacact with che Uzht heated air and sras^. The relatiTe 
resistances here given are quice confirmeil by obeervations on the reverse 
process of cooling heated metals in gas^-s acd in liqaids. 

The failure of a plate having a lamimkced p«>rtion in it is now readily 
explained, for that portion of the pla:e which is on the fireside being 
bounded on two surfaces by air or tj^ offers &j maoh resistance to the 
escape of heat on the side furthest rVom the fire that che plate is heated to 
SQch an extent as to expand into an arehetl shai-e, forming what is called 
a "bhsfcer." This was an occurrence, unturtunately, only too frequent 
when iron plates were employed. 

It may be surmised here, that it is probable steel plates will offer leas 
internal resistance to the transmission of heat and will therefore be less 
raised in temperature, on account of their homogeneous nature, than 
was the case with iron plates, which had to fr>me extent a fibre running 
across the direction of transmission of heat, and therefore most likely 
unfavonrable t > it. 

In conclnsion the writers wi>h to pjint out that they have in their 
calculations taken the temp»^ratiire of the fire ;iS high, or even higher 
than is likely to be LOt in a jaarine lK>iIer iuruace as at present worked. 
If we calculate the* transmission of heat to the water in a boiler working 
at 160 Ibe. pressure, and if the dift'eienct of che temponiture at the furnace 
was 3,000 de^s., and the temperacure of the chimney gases 670 de^, we 
find that each square f«x»t ot heating sarface transmits 16,650 units of 
heat per hour, and as each lb. of coal burnt, supp.»siug a total value of 
14,500 gives under thes>e conditions ot working 12,000 to the boiler, then 

for each foot of heating surface we should have to bum , ^''^ ^ = 1*88 lbs. 

^ 12,000 

of coal, and as a common proportion of heating surface is 30 square feet 

per foot of grate, we should have to bam nearly 42 lbs. of fuel per foot 

of fire grate to maintain these temperatures. This is more than double 

the quantity almost ever burnt, therefore the case ttiat has been taken is 

an extreme one. (See note on Rankine*s formulae on following page.) 

Of course whatever reasons can be adduced for thickening up furnace 

plates applies equally to the plates of the ojmbtistiou chambers and the 

importance of the whole subject, cs|;^ally in view of the probable 

further increase ol working pressure in marine practice, must be very 

great to an Institution like this, and therefore merits its earnest 

consideration. 
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Note. — Rankinc gives an approximate formulae for quantity in units of heat per 

hour transmitted to water in boiler ^ - ^^-'' . Let T — T — D difieronoe of 

temperature, then mean value of 

D« - /" °D' dP _ a» - 6« 
*y b a — b °^*a — 6 
(which may be written for ease of calculation 

^ I a« + a 6 + i* I ) 

when D is taken between the values a and b ; and this divided by 200 gives units 

of heat transmitted » 16,650 (about) in the case above. 

And if E and e be the elevations of temperature of the fire and the funnel 

gases above atmospheric temperature, then each lb. of coal will give to the water 
pj g 

14,600 -— units = in case under consideration 12,000 (about). It follows 

ifi 

B — e 
from this that — ^ — » the efficiency of a boiler. The similarity of this equa- 
tion tfi form to that for a heat engine is perhaps worth notice. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Sixth Session, 1889-90. 



PROCEEDINGS. 

SIXTH GENERAL MEETING OF THE SESSION, HELD IN THE LECTURE 
HALL OF THE LITERARY AND PHILOSOPHICAL SOCIETY, NEW- 
CASTLE-UPON-TYNE, ON MONDAY EVENING, MARCH 10th, 1890. 



F. C. MARSHALL, Esq., Pbesidbitt I5 the Chaib. 



The Secretary read the minutes of the preceding General Meeting, 
held in Sunderland, on February 14th, which were approved by the 
members present and signed by the President. 

The ballot for new members having been taken, the President appointed 
Messrs. H. Macoll and R. L. Weighton to examine the voting papers, and 
the following gentlemen were declared elected : — 

MEMBERS. 
Dawc, Charles, Cliief Engineer, H.M.S. " Pandora," Royal Navy. 
Forstcr, William, c/o Messrs. Dixon, Robson & Co., 25, Mosley Street, Newcastle- 

on-Tyne. 
Gardner, James, 75, Saville Street, South Shields. 
Oriuies, Thomas Benj.. 30, Broughton Road, South Shields. 
Hines William, Chief Engineer, H.M.S. " Karrakatta," Rojal Navy. 
Hole, John W., Chief Engineer, H.M.S. "Whiting," Royal Navy. 
McDoiigall, Neil, Managing Director Briti&h Steam Users* Insurance Society, Ld., 

•i and 5, Victoria Bnildings, Manchester. 

ASSOCIATE. 
Warren, Reuben Hynard, 151, Park Road, Newcastlc-on-Tyne. 

GRADUATES. 
Brodin, Olof, 6, Park Terrace, South Shields, 
Gilmour, William Laidlaw, c/o Messrs. R. Stephenson & Co., Ld., Hebburn-on- 

Tvnc. 
Lewis, Ernest Edward, 68, Crown Street, Newcastle-on-Tyne. 
Orr, Reginald, 25, Croft Terrace, Jarrow-on-Tyne. 
Wilkinson, Thomas, 14, West View Terrace, Lemington, Ncwcastle-on-Tyne. 
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THE nOLD MEDAL BEQUEST. 

The pREaiDEST said, it would be within tlicir recollection that the 

subject of medals for this Institution was taltcd about aomc little time 

Dgo. The money Bnbscribcd by three gentlemen in West Hartlepool 

(£271) hnd now been iHiid itibo the hank, and iutorest was accnmnlatiag 

for the pHrchnBC of those two medals, one for the l)est paper on Naval 

Architectni'e, and the other for Marine Engineci-ing— one gold medal in 

each Bubjed; for each session. There could only be one feeling with 

I regard to so handsome a contribution on the part of members whom 

they did not often see, who lived at a distance from them, and yet 

I were ao much interested in this lustitntion of tlie North-East Coast that 

I they were willing to Bubacribe handsomely for the furtherance of its 

j work. It afforded him very great pleasure to move— "That the best 

thanks of the members of this Institution be given to Mr. Christopher 

Furnees, shipowner, Mr, Hem? Withy aud Mr. Wm, Richard Vick, sbip- 

builders. all of West Hartlepool," who were the donors of this handsome 

sum for the purpose already meutioned. He trusted it would bo a 

stimuIuB to the members of the Institution, all of whom were fVee to 

I compete for these medals in the papers they might contribute. 
Mr, Wm. Boyd said the matter had been thoroughly considered, aud 
he had great pleasure in seconding the resolution. 
L The I'esolutiou was cordially adopted. 
f 
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ANOTHER PRIZE FUND. 
The PaBSiDEKT said that, in continuance of this prize movement 
iihipbuildcrs on the Tyne and the Wear had, miinj of them, also hand- 
somely contributed sums of £20 aud upwards, to be devoted to tiie 
Graduates and other meiiil)erB of the Institution on other subjects than 
Dftval architecture and marine engineering, further particulars of which 
rtild he given at some future time. 



The discussion upon Messrs. Kilvinyton and Taylor's pnper on " Boiler 
Furaaces" was then proceeded with ; after which, Mr. R. L. Weiqbton 
read a pajier ou the Institution's Rule for the " Normal Indicated Horse- 
Power of Marine Engines and Botlei's.'' 
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DISCUSSION ON MESSRS. KILVINGTON AND TAYLOR'S 
PAPER ON BOILER FURNACES. 

The Presirent said, tlicy all had had time since last meeting for the 
conside ration of the very interesting paper hy Messre. Kilringifiu and 
Taylor on " Boiler Furnaces." Before beginninff the discassion he had 
to ask if ttie writci-B of the paper had anything to add in illuBtration of 
the paper, for iie saw on the walls some diagrams no douht of interest. 

Mr. Alex. Taylou said, that after reading their paper, they tlionght 
that it might be interesting to ilhistrate by diagram the formula' given 
in Eimkino'n Sfmin Engine. The cnrves C and D, Plate XVL, do not 
give the exact difference mentioned in the paper, but it is not fur off. 
The difference named in their paper was got by experiments, bnt they did 
not pretend to say their experiments were more reliable than the ordinary 
formnliB. 

The Peesidknt — I should like Mr. Taylm- to inform n a whether lines 
A uud B, Plate XVI., represent the mean temperature, or rather their space 
represent the mean temperature we would have in precisely similar con- 
ditions in the boiler, having a half-inch plate and one inch plate ? 

Mr. Taylor — Yes; the straight line A repi-esents the head of tempera- 
tare for an inch plate, and B that for half an inch plate. 

The President — What I want to know is — What, according to your 
researches, is the mean tempeniture of tho inch plate as compared with 
the half-inch plate under precisely similar conditions ? Am I to under- 
stand, or Ib the meeting to nndersland, that the mean temperature of the 
plate — not the difference of the temperature of one side or the other — 
the mean temperature of the plate of an inch thick is double the mean 
temperature of a half-inch plate ? 

Mr. Tayloil thought he might answer the President as follows : — 
Suppose an inch plate transmitting 40,000 units of heat per square foot 
of surface, and that the water temperature was 370 degs., then by the 
diagram there would be a head of temperature eqoal to about 100 degs. 
between the plate and water, and between the two sides of the plate a 
head of 180 degs.; with this information we find the mean temperature 
of the plate to be 370 -|- 100 -f H5 = 560 degs., but if the plate had 
been only half an inch thick there would have been a head of only 90 
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dega, in the plate, bo that instcnd of having 560 degs. they would have 
only 515 degs. mean tcmppraturc of the plate. He thought that was 
what the President wished to know. 

The Pbesidekt— I think I underetand joa. Mr. Kilvington had 
been gwd enoDgh, in addition to his paper, to wrii« to Mr. Parker of 
Lloyd's, to obtain his opinion on the subject, whicli lie had kindly 
brought before them. Mr. Parker had written a letter, and with their 
sanctiou be would read it as |Nirt of the discussion, 

^^^BoHUDii (CATION raoM Mb. Wii.i.uh Parker, Ekqinker in Cfiiitr 

^^^B TO Lloyd's Rkqistee of Bnm&it and Pokbion Shippiho. 

^^H nik February, 1890. 

^^^P Dear Sir, — I am much obli^d to you for your memo, of the 9th 

I ioat., enclosing a copy of the paper which you and Mr. Taylor are about 

to rend liefore the North-East Coast Institution ou " Boiler Furnacefl." 

It is a most interesting subject, and one to which I have given considerable 

attention of late; and as you ask my opinion I may state that, speaking 

as an engineer who wonld hare to be responsible for the efficient working 

of furnaces at sea, and not as a surveyor to this society, I would not nse 

thick plates. I think it is bad engineering to make a faniace, a tube 

plate, or any other part of a boiler, which is exposed to the dii-ect action 

of flame, stiff and rigid by mere quantity of metal. The required 

strength should, in my opinion, be obtained by staying or special design 

rather than by unduly increasing the thickness of the plat«8, 

I note from the paiier that your conclusion that the thickness of plate 
has comparatively very slight influence upon the rate of heat trana* 
mission is based upon a statement of Rankine, and upon some. experi- 
ments made by Mr. Isherwood in 1807. I think that further evidence 
is desirable before this can be accepted as established, as general 
experience shows that steam is more rapidly raised in boilers ha\'ing the 
heating surfaces of thin plates than when the plates arc thicker. I am 
inclined to doubt the accuracy in practice of the result arrived at by 
applying Rankine's formula, viz., that the resislance to the tranaraission 
of heat through a £ inch pbitc would only be one per cent, greater than 
throngh a f inch plate. Some farther experiments of a practical 
character to determine this question would be of great value. There 
came under my notice recently some new boilers made on the East Coast 
in which the furnace and tube plates were exceptionally thick. After 
■baviug been at work a short time the scams whei-o the furnace and tube 
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plates overlap were drawn and sprung to such an extent that the vessel 
had to be laid up for expensive repairs, and this is only one case of many 
that I could mention. 

I am inclined to agree with the Board of Trade in thinking that we 
have no proof that the temperature in the thicker plates is not so much 
raised by the greater resistance as to reduce the factor of safety, and 
your statement that some thick furnaces have worked satisfactorily for 
eight years is not sufficient to disprove this; it merely shows that no 
collapse has hitherto taken place in those cases, and this immunity, I 
would submit, may be due to the careful treatment of the furnaces secur- 
ing their safety in spite of a reduction in the factor of safety, 

I may add that when considering the subject a few weeks ago I wrote 
to some of the leading boilermaking firms, and also to the superintending 
engineers of the principal mail lines, who are responsible for the efficient 
working of the boilers, requesting an expression of their views on the 
thickness of furnace plates. The replies were interesting and in many 
cases conflicting, but not one of the superintendents advocated thick 
plates, whilst the views of engine builders, even those on the East Coast, 
keen competitors with yourselves, differ widely one from the other. 

I shall be glad to read the discussion, and regret that I shall not be 

able to get down to Newcastle to join it, but you are at liberty to hand 

this letter to the President for him to read to the meeting should he 

think fit. 

I am, yours faithfully, 

William Pabksb. 
W. Kilvington, Esq., 

North-Eastern Marine Engineering Co., Ltd. 

The President thought they would all be obliged to Mr. Parker for 
opening a discussion of this practical character. The discussion was now 
open to the meeting. He should claim the liberty of making a few 
observations at the close ; but at the moment he would be glad to hear 
what the members had got to say. Allow him to call their attention to 
one special remark their friends (Messrs. Kilvington and Taylor) made 
at the beginning of their paper, that one of their chief objects in writing 
these short notes was to elicit the opinion and experience of the members 
of this Institution. He hoped, therefore, there would be no hesitation in 
expressing the views of the meeting. 

Mr. J. F. Wallikeb said that they must all feel extremely obliged to 
the writers for bringing before the Institution such an able and valuable 
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piipcr. and lie ttiisbed tbiit tt would elicit, as it dcBcrvcd, a 
thoroagh discuaeion. When ttie subject of thick plniu vprsua I'mprored 
furuncefl was first introduced he wiis much inclined to fuvour the roriiiers 
it Iind certainly mnny pood points, und it appeared to Iiave a fiiir im- 
munity from accident, but at the same time he maat say that more recent 
experience had shown him where serious trouble had occurred, and where 
they uiighl look for similar results in the future. A abort time ago lie 
had to examine a high pressure boiler, where two of the furnaces were 
distorted through overheating, and it became a matter of moment to the 
shipowner when it was found that the thickness and rigidity of the plaice 
prevented them being put back into their original shape — as a matter of 
fact they were fitted with dog stays, and are so running now. Now, 
when thick plain furnaces go like this, and he could cite other similar 
caaes, they have either to be cut out or strengthened in the manner 
described, and he considered that ttiis meant a very sen'oua depreciation 
of the boiler — it decreased its strength and accessibility, and also made it 
more liable to harbour dirt, and more difficult to clean. The improved 
furnacoa did not suffer from this defect, as they were easily set back 
when found deflected. Tie did not consider that their experience with 
plain thick furnacca warranted tbem in inneasing the tbicknesa without 
further and exlinuative expct'imeuta being mode. 

Mr. William Boyd did not think he had anything to say which 
would throw much light upon this subject, but it was a matter which was 
of very great interest to all manufiicturing engineers, to use the words of 
Mr. Parker's letter — " even those on the North- East Coast." Speaking 
as a manufacturer on the North-East Coast, certainly "the economy of 
production " (a favourite phrase of bis) did enter very materially into 
the consideration of these questions, and if it conld be satisfactorily 
established that a plain furnace of any given thicknesa waa equally safe 
and equally efficient as a means of conveying the beat from the fire to 
the water inside the boiler as tliosc patent furnaces, well, he for one 
was content, aud to bt ranked amongst ■' even the roanufaeturere of 
the North-East Coast," and willing to adopt such an " economy of 
production." As to whether that waa so or not, seemed to be a very 
disputed question, and one of those questions, it so happened, in which 
there was a singular absence of any experimental research upon which 
argumenta could be based ; and of course it waa, comparatively apeak- 
ing, an easy thing to meet such a scientific statement and calculations 
as had been brought before them by the authors of this paper, by an 
. 01 park statement that snch and mch things were not regarded by 
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mamifnctnrers or snperintendeot enginesra as being efficient or Bafe. 
He did not think timt really was much of an argument. Mr. Parker 
said that certain gentlemen wliom he bad consulted did not advocate 
thick plates, and that iib those replies wea' in a gre&t moasnre from i)erBon8 
in charge of the hoilcra, they Tormed a very sti-ong argument, as it were, 
against it. He (Mr. Boyd) could not say that struck him as a very 
strong argument against the adoption of thicker plates, because if the 
use and adoption of a thicker plate was based upon aonnd, scientific 
principles, the same necessity would exist for taking care of corrugated 
furnaces as ot plain furnaces, and if equal aire was bestowed in each 
case the plain furnaces wonid be as efficient and last as long as corru- 
gated fumacea. He couid only bring lo bear an ordinary common- 
senae view upon these (questions. He did not propose to go into the 
interesting diagrams Mr. Taylor had exhibited, but it so happened that 
in a recent case in which Mr. Taylor was also associated, he (Mr. Boyd) 
was satisfled that after all a certain rule of thnmb was made use of. 
His firm were anxious in a cei-tain instance to introduce a furnace of 
a thicker plate than was compatible with the Board of Trade ndea, 
and as a compromise a " stifleuing " ring was introduced half way along 
the furnace and the thickness of the plate was reduced to five-eightha. 
He meant to say that this particular case (which to a certain extent 
had been one of the instances that gave rise to this paper) showed the 
necessity, he thought, not only of this paper hot of carrying the matter 
further, for it showed that the rules which were being acted upon 
both by Lloyd's and the Board of Trade (if their representatives would 
excuse him saying so) were entirely empirical and based merely upon 
what they believed to be safe. Mr. Parker had made use of an e-xprea- 
sion ia his letter which had made him again think of an idea that had 
occurred to him in reading this paper. He did not know what their 
President or future President would have to say to it, but there was, or 
ought to be, a certain liaiance to the credit of the Institution at the 
end of the present year; and as it was, in his opinion, undoubtedly the 
case that experiments might be made, and he thought at a very moderate 
cost, which would at any rate throw some light upon this subject, he 
ventured t« think that it would not be beyond the functions of this 
Institution if some portion of that surplus which they might find in 
their posBoasion at the end of the year were devoted to experiments on 
a email scale, in eudeavouring to ascertain the practical efifect of increas- 
ing the thickness of plates, as to the passage of heat from the fireside 
to the water on the other aide. He did not know if that idea would 



(NMnroend iuelf to those in antboritT, he threw it ont for what it wu 
wonh. If it conid he done on a small acale as he thought it might be 
done, he thooght it wonld be one of those wajs in whidi the Institaticm 
mi^rfac d*^ cv<d s^nrico to the engineering profession of the conntiT. 

3i[r. J. C Spexoe said, the paper noder discassion treated of tJie 
infiaonce of chioknos» on the transmission of heat through famaoe phtes. 
Mr. IV\Td fa^ rai^ the eqaalk important qnestion as to the thicknesB 
DNluiivil for strength, referring to the rales now in nse as emjHrical and 
unsuiuble to modem reqniiements. The remarks that he had to ofihr 
weni> in ivnlirmation of those made bj Mr. Boyd. Empirical roles, when 
bfetfed on an exiendcd and Viiried pnuHice, are freqnentlj the best guides 
an ondncer can h:ive in his work : bnc in the matter of the strength of 
fumaoos. onr rnles are not kised upon practice, but our practice on onr 
rules. The rnlt« still in uise werv formulated by Sir WUIiam Fairbaim, 
and foundcil on :i series of experiments made by him thirty-two years ago. 
A brief analvsis of (lH?se experiments will show clearly how unsuitaUe 
tl'iev are to mixiern marine work. Out of 40 experiments on the resist- 
ance of inlvs to ci^l1ai>sing. ;^5 were made with tubes only *043 indi 
thick, ihe diameter rarviug frx^m 4 inches to 12 inches, the length from 
80 inches to (>0 inche;^ Fixmu this series it was inferred that the pressure 
a tnU^ conId stand varieil inversely as its diameter and its length, because 
the pressure mnUipIieil by the leuirth and by the diameter came out 
appnixim:ue1y a ivnstjuu. This appn^xiniation is by no means close, 
ningins: from 0»oO to Ij'SO, with an averasre of 820 units^ the experiments 
\"jirying so greatly anions^ ihoniselves tliat a modem experimenter wonld 
Iv more likely to rej\\n the wlu^lo lot than to deduce a general law from 
them. In (he formula now ustvl for the strensrih of plain furnaces, 

namely f «*/ == i*»^nsi:uu j the !ii"si assumption, that Px Lx D is 

a ivnstant. dois not theivfori' rest on a s;uisfaciory Uisis. It is highly 
impri^lvible in itself, and is not sup]vrted by a'liable experiments. But 
the second assumption, that the strength of tubes varies as the sqnare of 
their thickness, is still more unsatisfactory. The way it was arrived at 
was this : — Having averaged the 35 cxivriments with tubes "043 inch 
thick, the result wiis conipareil with — 

I experiment on a tulv '125 inch thick, 

And from these was deduced the law that strength varied as T-'^'-', or 
approximately us the square of the thickness. The method of making 
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this comparison is so unreliable that hy it different manipnlation of the 
eamo experiments the index of T may be proved to be 1 '2, instead of 
2'IB 1 ftnd by picking out differeut exjicrimeutB from the same series we 
could get almost any index we like. Pairbftirn's experiments, ttiken as a 
whole, afford some evidence that with very thin tubes the strength in- 
creases faster than the thickness, and strong evidence that long tubes arc 
weaker than short ones. At the time when they were made they were of 
great service in disproving the theory then held, that the strength of 
tabes was independeiit of their length — a plausible error still held (and 
on exactly the same grounds) with regard to tubes subject to internal 
presBnre. They were also of great practical valae in showing how the 
long flues of Luncaahire boilera could be greatly strengthened by the 
introduction of stiffening rings. Gut they form an absurdly InsufiicieDt 
basis for regulating modern practice in marine boilers, seeing that the 
material used and the actual and relative sizes differ so widely from the 
material and sizes experimented ou. Under these circumstances he con- 
sidered the Institution could not perform a greater service to engineering 
than by carrying out the experiments suggested by Mr. Boyd, and if this 
were done we ought not to be content with any empirical Tormula. 
Dealing with snch simple factors a rational theory is possible if properly 
sought for. And this is certain, that a true theory ol' the strength of 
furnaces will apply equally tu the strength of shells; the difference 
between the compressive and tensile strength of steel will not affect the 
form of the theory, only the constants used. The only essential difference 
between the two cases is that tubes subject to external pressure are in a 
state of unstable equilibrium, and therefore collapse totally whenever the 
strain at one point exceeds the strength at that point, while those subject 
to internal pressure are in a state of stable equilibrium, and do not 
rupture until the mean strain exceeds the strength. At present we are 
working quite in the dark. In assuming that a f inch plate is four 
times as strong as a ^ inch plate — a palpably untrue assumption, we may be 
working with a much lower factor of safety than wc think) or, on the 
other hand, if. as is more likely, the comparatively short tubes we use do 
not vary in strength inversely as their length, but only as some function 
of the length, we may be nsiug a mnch greater factor of safety than we 
suppose. At all events even if later experiment confirmed our present 
theories, which is hardly credible, it is evident that they need this con- 
firmation. 

Ur. J. WaiJiAO said he must apologise for not having read the paper 
or heard it read, but there were a few simple matters in connection with tb 
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which ho thought he might as well mention. Mr. Spence bad beco 3 

using their rules vviy severctj; hut he thon^ht thu tusts which they h 
of thuir boilers— of which perhaps 20,000 or more were in existeooe 
pretty well confirmed tlie rales. Bisidi's, thers had been esperimenla 
made hy the Boai-d of Trade and others, which also to some extent coft- 
firmed them. It might be that the strength of furnaces did not nrj 
csactly as the square of the thickness of the plates, but varied as a slightlj 
higher power of the thickness; but that was nut of much importance, u 
the thickness generally was only between three-eighths and three-foiutbl 
of an inch. A further fact waa that they tested the boilers to donUe Ha 
working pressmi;, and they stood the tests not so abundantly, as to show 
a rory large margin of strength. On the contrary the tcet« sometimes 
sprung the funiacea and put them slightly out of shape, So doubt if 
very careful esperimenta were made perhaps the rule wonld be modified, 
but he did not think the rule would be upset alt^igeiher. Of course the 
rule was empincal, for when they came to very short surfaces of furnacw 
they left the square out aod took the thiukness only. If the rule was a 
perfect rule it would apply to all cases; but two rules being necessary, 
showed that they were empirical. Nevertheless, taking the two rvka 
together, the one wntuiniug the square of the thickness and the other the 
simple thickness, they got a very reliable result. When accurate experi- 
ments were made he might, perhaps, after all, be wrong, aud Mr. Spence 
might be right. What he would say was, that furnaces were very liable 
to give trouble by collapsing when they got dirty, and with all their care 
they could not have a sufficient number of good men. They had unavoid- 
ably some second-rate men, and even third-rate ones; the consequence 
was the furnaces were uot always kept safficiently clean, and in this wa; 
furnaces had failed for many years, wlien the barrel was ouly t'otli of an inch 
thick, with lOlbs. or 15 lbs. pressure upi^n it. This was really the difficulty 
of the present farnaee, and wns only got over by doing away with the 
ordinary system of boilers, which had been adopted for a good many 
years now, and would be upset someday on account of the always increas- 
ing steam pressure, which means increasing weights. With the present 
system the plain furnace required extra thickness, and this extra thick- 
ness added to the diflicultj when they came to forced draught, which in- 
creased the temperature in the furnace so much that the danger of 
injuring tlie furnace, especially if they were any way neglected, was very 
great; and of course if it occuiTed. as was mentioned in Mr. Parker's 
letter, that a thick furnace plate was riveted on to a thick tube plalo, 
the tliick plates as well as rivets exposed to a great heat in tlie case 
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of forced draught, then tie wonld certainly be inclined to use thinner 
p1at«a and obviate the rivets by welding the tube plate on to the furnace. 
Another way to evade this difficulty was to get the fnmace iiinch lunger 
than the fire, so as to have the fire at the front end of the furnace. 
Whenever they had a long fire and short furnace tlie rivets at the bottom 
of the tube plate BufFered, but with a short fire and a long furnace this 
tronble was avoided — the run of the fire was then sufficient to take out 
the extreme heat which existed in the furoaae only, and not within the 
rest of the boiler. His own belief was that the rising generation hud to 
eet to work to scheme a new boiler. The present lx>iler was gradually 
wearing out on acconutof the ever-increaaiug pressure; and although a 
nnmber of boilers of different cypcs have been schemed, none of the new 
types have so far been thoroughly succeasfnl for sea-going steamers. 

Mr. James Dykes said, much miHchief was done to plain fDmaces 
with triple expansion engines, owing to eugineere raising alcam too rapidly, 
often causing conBtderable leakage. He had plain furnaces about seven 
years old, working at 150 lbs. presBurc, and neverhad the slightest tnmble 
with them. Lately, however, with plain furnaces at IGO lbs. pressnre, he 
had had a good deal of trouble— the principal cause of this being through 
the engineer raising steam too rapidly, and omitting to nge the b]ow-ofT 
cock when raising steam. He thought the great fault of plain furnucesas 
now fitted to high pressure boilers ia the abruptness of the flanging. He 
found very little trouble with scale adhering to the plain furnaces, and as 
tit as pitting and scale were concerned he would certainly recommend 
plain furnaces. He would like to see furnaces tried 1 inch thick, for he 
thought they would be less liable to collapse than corrugated furnaces, 
as these accumulated and kept the scale, thus preventing the water 
from gaining access to the plat-e. He did not think there would be any 
trouble with the heat radiating. He had corrugated furnaces four and a 
half years old, and had no end of trouble with scale adhering to them. 
The inch plate, he thought, would not collapse, and he would much tike 
to hear of the experiment txiing tried. 

Mr. C. J. Sgauan said lie would like to suggest, if any experiment* 
were made with fnmace plates an inch thick, that special attention 
should be given as to the difference of expansion on the inside and 
ontside. He thought that perhaps the failnrc which tie believed Mr. 
Parker referred to in his letter waa due to that cause. He wonld be 
glad if the writers of the paper, or any other gentleman conld give them 
any information as to this expansion and contraction. 

Mr. Jaukk Paitkhson did not come with the intention of making 
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any remarks. He thought they should have had a great deal said by 
advocates of thin furnaces. There was no doubt that, although this was 
tlie North- East Coast, they would all concur with the writers of the paper 
that a thin furnace was better than a thick one. The question raised in 
the paper appeared to him to be — why do we not use thicker furnaces 
than we do? Not because the furnaces would be better thicker, bat 
with a view to obtaining larger diameter and higher pressure with any 
given tyi>e of furnace. The reason for not using thicker furnaces than 
they did at present appeared to him to be because their ideas of the 
behaviour of furnaces were very largely built up on a past experience of— 
firstly, furnaces made of iron plates more or less laminated or fibrous in 
structure, which material should behave very differently in the trans- 
mission of heat from a homogeneous metal; secondly, on the behaviour 
of furnaces badly treated at sea, furnaces so used that dirt had been 
allowed to accumulate on the top and so prevent the free transmission of 
heat to the water. He thought there was also a third thing which had 
determined them not to go further with the thickness of plates than they 
did at present, and that was the very plausible but erroneous idea that if 
they doubled the thickness of the plates the resistance to the transmission 
of heat would be doubled. He thought they were very much indebted to 
the writers of the paper for bringing to them clearly that this was not 
the case, that experiment had proved it not to be the case, and that the 
correct rule for determining how the resistance varied with the thickness 
of plate was something very diiTcrent from varying directly as the thick- 
ness, and that the greatest resistance oflfered to the transmission of heat 
from the fire to the water was at entering and leaving the plate, and the 
passage of the heat through the plate was insignificant as compared with 
the others, and it was this small portion of the total resistance which 
alone was affected by increased thickness of plate. He thought they had 
brought this before them very clearly, and it behoved anyone who believed 
that the limit of thickness that was safe had been reached to give some 
reason for so thinking. All the arguments showed that they had not 
reached that yet, and he quite agreed that a three-quarter inch plate with 
a homogeneous metal was perfectly safe, but if dirt collected on the crown 
of the furnace it would be dangerous ; but if that happened with the thin 
furnaces it would be also dangerous. Thin furnaces had been known to 
come down from the dirt and oil that collected. This was the great 
danger to which furnaces were exposed, and the simpler they could make 
the form of the furnace to prevent this collection of oil or solid matter 
the better. It was said that thick furnaces caused trouble at the joints 
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where there were two thicknesses or more of plate on account of the great 
aggregate thickness of the joint, but that had nothing to do with the 
thickness of the furnace. He saw no reason why with a thick furnace 
plate joints should not be worked down to what was considered a mini- 
mum of thickness consistent with safety. Trouble at the joints had 
nothing to do with the question. 

Mr. J. T. Milton said, Mr. Patterson had made one remark from 
which he begged slightly to differ. He said that the trouble caused at 
the junctions of the furnace plates was due to the thickness of the plate 
at the joints. He thought in many cases it was not due to that at all, 
for in many cases the trouble was not at the joints exposed to heat^ but 
at the joints furthest from the heat. If that was so it showed it must be 
due to some other cause, and that was probably the expansion of the 
plate. He (Mr. Milton) was not quite clear as to Mr. Taylor's number 
of degrees, but thought he showed that if we doubled the thickness of 
the plate, we must at the same time double the increase of its temperature 
over that of the water. He thought, that although he made out the 
extra resistance offered to the flow of heat was very little, yet the resulting 
difference of temperature might double our trouble if the trouble was due 
to the influence of expansion. The absolute amount of expansion was 
proportional to the difference of temperature between the fturnace plate 
and the water. If we doubled this difference we doubled the increase of 
length of that part and doubled the cause of leakage. Even with the 
present thicknesses of furnaces, say half an inch, in many cases the 
increase of temperature in the plate, although the authors showed it to 
be small, brought quite as much strain on the joints] as the ductility of 
the material would bear ; if we went to greater thicknesses then we 
should get more expansion, and that Would produce leakage, which might 
not be a source of danger, but would be a source of inconvenience. The 
mere fact mentioned by Mr. Walliker that a good many thick furnaces 
had collapsed did not condemn them. They knew that corrugated 
furnaces had in some instances collapsed, but when they did they never 
heard it was because they were too thick, but always because they had 
been short of water, or had become coated with scale or dirt. He 
believed, in some of the largest steamers afloat, the furnaces could not be 
kept tight owing to expansion. If that was so, and we go in for thick 
furnaces, we shall have to modify the ends of furnaces, so as to make 
them less rigid and more elastic longitudinally. 

The President thought they had had an extremely iuteresting dis- 
cussion, and that they were very much indebted to the writers of the 
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staying than by nnder-staying. He was extremely sorry to have to say 
that their friends of Lloyd's, the Board of Trade, and the Admiralty were 
** all tarred with the 6ame brush." They saw the difficulty in expansion, 
it was essential that the boilers themselves should have room, as the 
boilermakers had it, "to breathe/' They had a certain distance from 
the furnace to the lowest row of tubes, and with a strong joint at this 
point there was very little elasticity or breathing space. In the matter 
of staying it should be borne in mind that the boiler itself could never 
be higher in temperature than that of the water, and must not be expected 
to expand as much as the furnace, which had got 100 degs. more heat 
than the water. Now, in this boiler (Plate XVII.) they had great trouble 
with the joints immediately above the centre furnace, the joints were 
sprung by the expansion and leaked. They took out the long stays run- 
ning from end to end and fitted instead two dog stays, as shown, and 
they had no further trouble, showing that the difference of temperature 
was entirely overlooked by Lloyd's and the Board of Trade who insisted 
upon having these through stays. The only reason for his rising was to 
call attention to the difference of expansion between the thick furnace 
and the thin furnace, and the evils introduced thereby ; and he could 
only hope that some means would be taken to induce their friends at 
Lloyd's and everyone of them as draughtsmen and engineers to be very 
careful in their designing, and allow their plates a little more "breathing 
space" than they generally had. Their boilers would then be more 
durable and give less trouble with leaky joints and leaky tubes. 

Mr. Alexander Taylor, in reply to the discussion, said, there 
could be no doubt that thick plates in themselves were not as good as 
thin plates for transmission of heat. Mr. Parker writes that he would 
not use thick plates, but they (the writers) were quite satisfied that J 
inch plates could be safely used in a furnace, and daily experience proved 
this was so. Mr. Parker doubts that the difference of resistance to 
transmission through f and | inch plates was not more than one per 
cent., but thinks it must be greater. The writers are supported both 
by experiment and formula) in the statement that the difference in 
resistance is not more than stated in the paper. Mr. Parker states 
also that thick plates cause leakage at the seams exposed to the fire. 
This he (Mr. Taylor) would refer to later on. 

It had been said that the ordinary boiler was " worked out" and " on 
its back." Is it not a positive fact that we have increased the working 
pressure and thickness of plate and pitch of the stays, giving "more 
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Ainx 8IW*" " *■*>" Preeidcnt pnt it, folloK-»il h^ mariM Uuftiuif 
fth* lift 1/ tt* Uiltr? When lie (Mr. Taylor) first came into 
, 8n ^n nns (.-i>iiBi<1i;rc<l tiol an untuuall; short life for a 
baOiri BOW the^ vcv< net at all aslunished at Gfleen jreikn' life. He 
ihoagbt ■ grwl deal of thai lengthening of life was due bo incntwd 
U w c k Bf of jJatc. Mr. Parker said eight years' experience witji thick 
pbtn pnm nothing, but the Bjxskkcr was not disposed to throw ana; 
eighi ywrs' eiperience, and thought it stood for a great dwil. He 
icnenbend that iu 1878 tliey pnt | inch steel fnruacee into a boiler, 
aad that boikf «u rnnuing non, and, us far as he knew, aot a tool uf 
any Und tnd been pot npon the fiu-naces, except cleaning tools. Thii 
«M % can of* boiler tvelve years old with % inch fninaces ; Uieae furnace 
enwB iilatM w«« fiangcd np at the back and welded to their take 
plati^ and bid given no trouble. After this paj^r was written he 
driUad oa« boki thinngli the fomacc crotrn right above the bridge, aad 
aiMlber about k foot from the front of the boiler, and found the platee 
fvlly I tndi tbiok; this prored chat twelve years' work did not reduee 
Uh fofitaoe crown thickness. Tbey were told thut thick tnbe plates 
fliMfd tabes to teak. His experience was thaD to-day inbcfl lasted 
laogw tfaas «TCr they did. They did not think anything now a dayi 
of labca batng senn or ten years old. At one time it was a wonderTlil 
Ube Uwt haled bnger than fonr yean. .Svi, ur>twitbBtaiiding all the 
■Ut«d lukiijte and the tr»abk' with these thick plates the life of tJie 
bulen and the life nf the tubes were lengthened, and there were not as 
many reiniring shops liring oat uf the maiine boiler as in former days. 

Mr. Walliker said that one of the writers knew something abont the 
cullaiwc of a plain furnace. The foniace Mr, Wallikcr referred to waa 
1^ thick, eight years old, and irw*i plaltit. One farnacc was considerably 
liuuiiiatM), and would nitiniatvly prolnbly have to be taken out, on account 
of the hiuiinatiou and not because of the Lhickness causing it to collapae. 
He was quite sure they all knew that other thau plain fnmaces had 
bwn laminated and had ooine down, tie was quite convinced that 
tho thicker they made plat^js in the ombustion chambers, the better 
for the Uiiler and its life, they would have fewer stays to leak, and in 
ewry way a much more aalisfactory boiler. Give him by all means 
thick pktes and few sUtys. He admitted tlist forced draught put 
greater work upon tbo plate 1 of course the tcmperatm-e was inci-eaaed 
iu (he furnace by it, but don't let them forget this faot, (bat they, aa 
writers of this pK]>er, took the ordinary boiler under ordinary conditions. 
\'ery likely inch plaU-s would do very well with certain loi-ced draught, 
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but they might not do under all conditions. With one double-ended 
boiler, fitted with patent furnaces, he had considerable trouble to keep 
the back seams (which were in the furnace) tight, but after shortening 
the grate about 80 per cent, he had no further trouble, proving that 
thin as well as thick plate seams can give trouble in the fire. The 
President mentioned one case where they had considerable difficulty 
with leakage from the furnace back seams, but after altering the stays 
between the furnace and tubes the leakage ceased, and immediately 
the seams were tight. Was that any reason why the thickness of the 
plates should be condemned ? Did it not show that there was a fault in 
the design? This may also apply to Mr. Parker's case of leaky seams. 
He did not think thick plates should be condemned for these defective 
designs, whether through Board of Trade, Lloyd's, or any other rules. 

Mr. W. KiLViNGTON observed that Mr. Taylor had really answered so 
fully that he had left him little to say. With regard to what Mr. Parker 
said he would only emphasise the line of argument taken up by Mr. 
Taylor, and said he knew of furnaces worked since 1888 close upon f inch 
thick, and they had given absolutely no trouble whatever. Mr. Walliker 
instanced a case of an accident — he could call it nothing else — to a furnace. 
He submitted it did not show anything one way or the other. They did 
not say the plain furnace was a perfect furnace, nor could they guarantee 
it free from accident. Mr. Wallau " hit the nail on the head" when he 
said furnaces required to be kept clean, for probably the resistance due to 
a very small amount of scale was very much more than due to the whole 
thickness of the plate, even were it made 1 inch thick. With regard to 
the diflfercnce of temperature due to the increase of thickness from ^ inch 
to 1 inch, we find that the mean temperatures will be 518 and 
574 respectively, or an increase of about 10 per cent. ; and the structure 
of a boiler must be very rigid indeed if this will make the difference 
between tightness and excessive leaking. He was very much obliged to 
Mr. Dykes, who had experience of the plain furnace, coming and saying 
that they had given him every satisfaction, after extended use. It was 
weighty evidence against the opinion of men who so far up to the present 
had not even tried them. 

The President was sure there would only be one sentiment in the 
feeliug of everyone, and that was of gratitude to Messrs. Kilvington 
and Taylor for the interesting paper brought before them. He could 
only ask the meeting to accord to them their hearty thanks in the 
usual manner. 

The resolution was passed by acclamation. 
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^iffORMAL INDICATED HORSE-POWER OP MARINE 

ENGINES AND BOILERS. 



By R. L. WEIGHTON, M.A., Vicb-Pbbsidbnt. 



[Read before the Ixstitutiow on March 10th, 1890.] 



members of this Institution have had no opportunity as yet of 
jing the rule for N.I.H.P., published in the Council's Report at the 
of session 1888. (See Appendix A, page 196.*) 
This report has been circulated freely amongst the technical 
citations, and other bodies and individuals in the country who were 
►nsidered interested in the matter. Some of these have expressed their 
anions upon the merits of the rule, which in several cases have been 
^Bvonrable and in others unfavourable. In many cases the scope and 
Intention of the rule has been totally misunderstood. This has doubt- 
less been largely due to the feet that the report appeared in a very con- 
densed form; and in bringing the subject before the Institution at the 
request of the Council, the writer hopes that, by entering at greater 
length than was possible or desirable within the confines of a report, into 
an exposition of the principles upon which the rule is based, such misap- 
prehensions may be corrected, and future ones obviated. He undertakes 
this the more readily because he believes that, if properly understood, 
this rule will prove of great value not only to shipowners, underwriters, 
and non-technical men generally, but that it may also be found of very 
considerable value in the practice of marine engineers themselves. 

In proceeding, it may be well to first deal, with certain questions 
which naturally arise on the threshold of the subject, viz., for what pur- 
pose is any rule required ? Is there any 7ippd for a rule to take the place 
of the now obsolete nominal horse-power ? And if there is a need, what 
is it intended to represent, and for what is it to be used ? The first two 
of these questions might be answered by asking others: — Is there any 
need to know the value of any article ? Is there any need to know how 
far any article is capable of fulfilling the pnrpose for which it is in- 
tended ? Is there any need to have some reliable standard by which to 
measure the capacity of any machine for fulfilling the purpose for which 

• This Rejyort was published as an A^^iMindix to Volume IV. of the Transactions 
of the Institution. 
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il was desigucd auil couHtnioCud ? In a word, is thci'e any n 

ttie comparative viduea of differenb articles to their UBora ? We presume 

Buch questions can only be answered in the affirmative. Tbere is a need 

— a very great need — to be able to es/imnte the comparative rnliua of 

different engines and boilera, and diOcrent combinations of CDginea and 

boilci'8. The answers to the second two qaestiona will be given as we 

proceed. 

Marine machinery maybe said to have two kindsof value— (1) value 
to tlie owner, and (2) cost to the builder. These two valncs are not 
synonymoiiB, and do not necessarily run parallel with each other for all 
sizes of even one type of machinery. It is the fii-at kind of valne with 
which we are chiefly concerned, but the relation of the second to the first 
will also be touched npon biieily. 

I. — ValL'E to tue Smi'owNBE on UsEK. 

It is obvious that the ultimate and only real valm or worih of any 
machine is it^ value or worth to its owner or user. In proportion aa it 
fulfils the purpose for which ita owner intenda it. will its value be mea- 
sured. This kind of value, like other commercial values, fluctuatea mnch 
owing to varying circumstances, and it may be impossibte to eipress it 
with any accuracy or nniformity in £ a. d.; but it is uevertheleas a real 
value, and when regarded as a comparative value, it may be said to be 
the only value which is capable of exact or scientific treatment. Yon 
may call it coinmercial value if you will; but as co>it. may also be said to 
be a commercial value, it is necessary to make the distinction already 
given. To save repetition, the term " value " will, wherever it occurs, be 
used in the sense just defined, viz., romparative value to llifi s/ii/itHimer, 
It is not absolute, it is comparative valne. 'i'he shipowner referred U> ia, 
of course, the merchant shipowner, and not the war vessel owner. Some 
of the arguments employed will not hold good for war vessels in time of 
actual hostilities, because circumsttinces are then likely to arise in which the 
value of the mat-hinery of any ship to the nation may do]jend solely upon 
the amount of power exerted in a short time, irrespective of wear and 
tear, or coal consumption, or anything else. Some cases there are, even 
in commercial practice, in which wear and tear, consumption, and other 
adjuncts are of less importance than iu others, but in no case*are they 
of m importance at all. Wc therefore assume that the rnle which is 
required is a rule which expresses in convenient mechanical unite or 
terms the value to Ihn shipowner of his propelling machinery. 

Having reached this point, we can see what the rnle most not 
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reprcwnt, iind tiiia ii! a point which cannot be too much emphasiBed. 
It mnst ml represent the actual I.H.P. which will be, or ia expected to be 
developed in every case. It mmj give the Bame result as the actual 
I.H.P. in many cases, but it is not necessary tbat it should do bo, in fact 
it would not serve the purimse intended if it did do so in all cases. It 
is chiefly in this respect that the rule has been misunderBtood. It has 
been assumed by many that the intention was to produce a formula 
which would give the actually developed horse-power in all cases, and 
because it failed to do so when applied to particular cases, it has by some 
been condemned as worthless. It has even been objected to on the 
ground that the ordinary means of arriving at the powers of engines by 
the indii'ator was on the whole more correct and preferable in every way. 

In view of such deplorable misunderstandings as to the aim and 
meaning of any snch rale as the one under discnssion, we purpose to 
deal with this particular phase of the matter at some length. 

The horse-power shown by the indicator is no criterion of the value 
of his machinery to the shipowner, unless he were posscased of some 
magic formula by means of which he could reduce this horse-power to 
the common denominator of a uniformity of all possible conditions under 
which engines and boilers are worked. Of such a formula he is not 
possessed, nor is he ever likely to be possessed of it. To compare the 
values of two engines by comparing their actual I. II, P. is — in the 
absence of identical working conditions — like comparing the values of the 
namerators of two fractions, without first reducing them to a common 
denominator. 

Any given size of engines can be made to indicate vastly increased 
power by simply running them at a greatei' numlwr of revolutions, or by 
increasing the period of admission of steam in t!ie high pressure cylinder, 
or by both of these means combined ; any given size of boiler may be 
worked very mnch beyond its normal power by forcing the lires. Bat 
this iucrease of power Is obtained at the cost of increased we.ir and t«ar 
and increased fuel consumption, unless indeed it be possible to introduce 
some compensatory arrangements or devices in the case of the higher 
power engines and boilers. Apart, however, from the question of the 
poasibUity of introducing such arrangements, it is to be distinctly borne in 
mind that no elements beyond size of engines and boilers, and working 
pressures, can jioKsihly be included as factors in any general rule. In the 
meantime in order to show distinctly what is meant when it is said that the 
ftctnally developed horse-power is no criterion of value, take an example of 
two different engines indicating the same power. 
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Aa it is in the engines where the greatest Tariation of powtT is possible, 
the boilers are for the sake of simplicity omitted, The working presenre 
both Ib alBo assumed eqnal, viz., 150 lbs. 

. .. , 34 — 3fl - G2 

Bay engines Nu. 1, - 



^^b 



Engines No. 



86 
31 — 33 — 54 



These two ei^nes eqhj te made withonb difRcalty to indicate the 
Bame horae-power, and on this basis of value they would therefore be 
ranked as e<iual. Their proportions are in nowise abnormal, bnt are 
such aa are to be met with in everyday practice. Assume the I.H.P. to 
be l,23i) in both cases, and to fix ideas, let the mean pressure reduced 
to tbe low pressure cylinder of No, I be 28 lbs., the revolutions per 
minute being 80. In ordinary circumstances it is very probable that 
the mean pressure and revolutiona of No, 2 when indicating 1,230 
horses will be about STfJ lbs. and 80 revolutions. If this is so. then 
No. 2 ninst expand the ateam less than No. 1, and so far as economy 
is affected by degree of espanaion, Ihe water consumption, and, there- 
fore, the coal consumption of No. 2 will be higher than No. I, to the 
extent of about 3^ per cent. It is next to he noted thut both engines - 
are mnning at the same revolutions per minute, and therefore the 
longer stroke engines must. — other things being equal — undergo more 
wear and tear. In respect, therefore, of both coal economy and wear 
and tear. No. 2 engines are inferior to No. I. If No. 2 is made to 
equal No. 1 in coal economy, then No. 2 muat ran at the still 
higher speed of 90 revolutions per minute, thus very greatly increasing 
the piston speed and whatever evils or disadvantages this brings in its 
train. If, on the other hand, the revolutions of No. 2 be reduced to 72, 
which would bring both engines to approsimately eqnal conditions as 
regards reciprocation and its effects, the coal consumption of No. 2 
would rise to about 7 per cent, above No. 1, At this last speed the 
mean pressure of No. 2 will l>e about Sfl'l lbs. 

These figures are given in tabular form below : — 




24 - 38 - 


-62 


M.R RovB. I.H.r. 


21 — 33 - 


-54 


X SIC X PO X 1,230 
X 28 X 90 X 1,230 
X 35'1 X 72 X 1,230. 


42 
do. 

do. 
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It is hoped that enough has been said to show once for all the 
afasnrdity of any proposal to take the actually developed horse-power 
as the basis of value, without specifying the conditions under which the 
power is obtained. Assuming the value of No. 1 engines at 1,280, the 
value of No. 2 engines on the same hoMs will be about 980; and these 
figures may represent Jwrses* poiver or they may be simply proportional 
or comparative numbers; but, on the whole, it seems convenient to 
express the kind of value with which we are dealing in terms of horses^ 
powery and to let its amount approximate to the average power 
developed by average engines in average conditions. The rule will 
therefore nominally represent comparative LH,P., but it will really and 
virtually represent comparative value — it will secure by its form that 
each horse-power for all sizes of engines and boilers, and pressures of 
steam, is obtained under certain limiting conditions as to piston speed 
and coal consumption, which conditions are imposed solely by considera- 
tions of comparative value. 

On what then does value depend ? 

The value of the propelling machinery of a steamship depends — 
other things equal — upon the following factors, viz.: — 
1. — The cargo carried (or dead-weight) and Oie speed at which it is 
carried. As the efficiency of the hull does not enter into the 
question, it is permissible for our purpose to write displacement 
instead of dead- weight. This factor then involves — 
{a) I.H.P. 

{h) General efficiency of mechanism and propeller. 
2. — TJie attendance and adjustment it requires, and the oil, stores^ etc., 
which it consumes in order to kee^) it working at given efficiency. 
This factor involves — 

(a) Revolutions and speed of piston. 
{h) Size and general efficiency of the bearing surfaces, 
design, proportions, and arrangement, accessibiUty of 
parts, workmanship, material, etc. 
3. — Its durability, or the period of time for which it will work at given 
efficiency with a given amount of attention, re^mir, and upkeep-- 
in other words its wear and tear. This factor involves — 
(a) Bevolutions and speed of piston. 
{b) Size and general efficiency of the bearing surfaces, 
design, proportions and arrangement, acoessibilty of 
parts, workmanship, material, etc. 
ic) Duty from the boilers, %.e,, the degree to which the 
boilers are forced or otherwise, within certain limits. 
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4. — Tilt eoni ronsumjifion. — This factor involves, to a certain extent and 
indirectly, all the three preceding factors. Fur our parpose, how- 
ever, it chiefly and directly involves — 

(a) The boiler pressure, and the extent to which the exp&D- 

fiion of the steam is carried in the eufriuea. 

(b) The ratio of the boiler heating surface to the horse- 

power. 

(c) Efficiency of the boilers, of the steam in the engines, 

and the quality of the coal. 
S. — The weight of the mtifhiiieri/, inchiding /rater tii boiUre, wnilenaera, 
and pipes. This lactor involves all the others, inasmuch as it is 
mainly determined by the ilimeiigisns of the engines and lK>i!erB, 
and by the boiler preasnre. It involves in addition — 
(a) Type of engines, 
(6) Type of boilers. 

(e) Arrangement of machinery in vcBsel. 
(il) Comparative auantlings adopted and factors of safety 
used throughout the machinery. 
A carefnl examination of these factors will show that the first may, in 
a sense, be said to embrace all the others. It is the one which involves 
I.H.P., and I.II.P. mity be affected by any one or every one of the other 
factors. As a criterion or muusure of value (always taking value in the 
sense we are now using it) l.H.P, would therefore appear to be peculiarly 
appropriate. Value eipresaed in tertfis of indicated liorse-power would 
appeartoconveymorewjmnfHj with it than value expressed in terms of any 
other horse- power, such as the old nominal horae-txiwer, which horse-powep 
indeed has no definite value, but has aiti/ value you Uke. Indimled horse- 
power is, moreover, a scientific unit, definite and familiar to all. Value 
in terms of iuiliealed hoi'se-power has more direct reference to the object 
for which power is applied than any merely propoitioua! and comparative 
numbers could possibly have. Such considerations would seem to point 
to indicated horse-power as being the best unit available for the expres- 
sion of comparative values. 

Engines and boilers are built to perform work, and the amount of 
work performed may, for the present purpose, he taken as represented 
by indirntfd horse-power. Other thinyn beinij equal, the value of 
machinery will, therefore, be proportiouoi to the work performed, i.e., to 
the I.B.P. But in order tliat the value may be proportional to the 
work performed the "other things" mtisl be equal. These "other 
things " are comprised in the five value-factors ennmersted above ; and 
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if a mle could b« framed which would embody nil these factors, and 
embody them in aiich a way us to frivu each its due and proper influence 
in detcrminingf the resak, it would be a jierfi:r1 meueiire of value in every 
case, however varied the factore or conditions might be. But this is 
clearly impusaible, both from a mathematical and a mechanical point of 
view. 

In order to rednce the problem to dimensious nhicli will enable it to 
be dealt with at all, it ia necessaiy to make certain aasumptions. From 
the statement of the various factors or condrtioua which determine value, 
it is evident that if value is to be expressed in terms of one of these 
factors, viz.. I.E. P., all the other fHctore most Iw subordinated to it in 
Bome Bnitable and convenient fashion, and that as many of them onght 
to be included as Is necessary for the purpose in view, and as is couaistent 
with the simplicity which is desirable iu any rule intended for general 
practical use. The factor I.H.P. in the statement given above therefore 
becomes the one which varies directly with, and measures value, and of 
the other factors some must be assumed constant or uniform in all cir- 
cumstances, while othei'8 will be assumed to viiry with circumstances in 
a way to be explained in due course. If iu any number of engines all 
the factors of value, except I.H.P,, are the same, I'.i"., if they all work 
with the same efficiency of mechanism and propeUer, with the same 
relative amount of attendance, adjustment, oil, and stores, with the same 
degree of wear and tear, with the same coal consumption per I.H.P., and 
if they are of the same weight per I.H.P., then it follows that the values 
of these engines will be exactly in prnportion to their several I.H.P., 
and this is so for three reuHons. 1st, because the same proportional 
amount of each horse-power is usefully employed in propelling the ship. 
2nd, because each horse-power is obtained at the same expenditure of 
attention, upkeep, material, and fuel. 8rd, because the machinejy of 
these various engines will continue to work at given efficiency for the 
same duration of time. But in practice it never — or at least very seldom 
—happens that all these factors are the same, and hence the I.H.P. of 
ditferent engines developed in practice will never — or at least very 
seldom, except by merest coincidence — represent their proportional 
values. These factors must first be brought down to a uniform standard 
common to all engines, and then the horse-powers which it is ayreed 
would lie deffloped under these uniform conditions wUl truly represent 
the proportional values of the different engines. 

Now it will be seen that many of the elements and conditions involved 
in the five factors enumerated, aftect directly and largely the amount of 
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the I.H.P. The speed of piston, for instance, which is involved in factors 
2 and 8 affects directly the amount of I.H.P. of the engines — a higher 
piston speed will give a higher I.H.P. from the same engines. The coal 
consumption also may affect directly the amount of * the I.H.P. of both 
engines and boilers, inasmuch as the same engines are capable of giving 
increased power by less expansion of the steam due to a later high pres- 
sure cut off, and the same boilers are capable of yielding an increase of 
power by having the fires forced. If, therefore, the elements of those 
factors whose variation thus affects the amount of the I.H.P. can be 
embodied in a rule or formula in such a way as to secure mathematically 
that their influence on the amount of the I.H.P. will be uniform or 
proportional to value for all sizes of engines, for all amounts of heating 
surface, for all reasonable combinations of these two, and for all reason- 
able pressures of steam ; and if, in addition, the influence of those factors 
whose variation does not directly or largely affect the amount or quanti- 
tative value of I.H.P. can be eliminated by the reduction of each of them 
to some generally recognise<i average or normal amount, uniform for all 
cases of one type, then in all cases of that type the I.H.P., which would 
be developed in practice under those uniform normal conditions, will be 
the I.H.P. given by the application of the above suggested rule to these 
cases ; and will, moreover, be of such amount as will be exactly propor- 
tional to the value of all machinery of that type. 

This is precisely what the N.I.H.P. rule does. It gives the amount 
of horse-power which will l)e developed in all rases in which those factoi*8, 
conditions, or influences which affect the value of the machinei-y, and 
which are enumerated on pa^i^e 179, are of uniform or nonmd amount. 
The uniformity or normality of those factors which dejiend upon the 
dimensions of the cylinders, the stroke of pistons, the heating surface of 
the boilers, and the working pressure, is secured (in a manner to be pre- 
sently explained) bj iliQ/orm of the rule itself. The uniformity of factors 
or conditions, ot/ier than those depending upon dimensions and pressure, 
cannot possibly be secured by a/if/ rule, formula, or method, be it ever so 
complicated. They must be assnmM to Ikj uniform, just as the material 
and manufacture of beams are assumed to be uniform when the rule is 
applied which says that their strength is proportional directly to breadth 
and depth squared, and inversely to length ; the rule can take no cogni- 
sance of the quality of the manufacture or of flaws in the material of the 
beam. 

The foregoing analysis is exhibited in Table A, page 105. This table is 
not to be understood as being in mathematical proportion ; it is simply a 
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Brnmnarj' in the form of a fraction of what has been already said nn f.he 
relation between valae and I.H.P, ; the nuineraturB contiiiuiiig the factors 
which affect value in a positive sense, while the denominatiirB contain tboBC 
which affect valne in a negative sense. It shows liow the factors which 
go to determine value lead np to N.I.H.P. Each statement is deduced 
from the preceding statement by a process of splitting up into groups of 
factors of the same denomination, so to speak ; and this is done with the 
view of showing what groups of factors are iucladed in N.I.H.P., and 
what arc not included, but are left outside to rank aa a variable and in- 
determinate coefficient. 

We have now reached the NJ.H.P. rale by a proceas of analysis, which 
has been eslended to such length with the view of distinctly showing — 

1. The need that exists for having some measure of value. 

2. The kind of value for which a measure is needed. 

3. The factors which go to determine value. 

4. The relation that exists between I.H.P. and value. 

5. The relation that eiists between N.I.H.P. and value. 
Assuming that there is a need for having some measure of value, the 

conclusions that have so far been drawu are these : — 

1. That the kind of value for which a measure is required is valne to 

the shipowner. 

2. That this value ia most conveniently and aptly expressed in terms 

of horses' power which would be indicated under certain am form 
conditions. 

3. That value depends on many factors which no rule can embody, 

and that the only factors which it is possible or necesaary to 
take into account arc the dimensional elements of the engines 
and boilers, and the working pressure. 

4. That,a rule which embodies these latter factors properly will give 

a result proportional to value in all cases of given type. 

6. That the N.I.H.P. rule does this, and is therefore a measure of 



Wo nest pass in review the individual factors of the rule, endeavouring 
to show that each is involved in such a way as to secure this result. 
(D'VS + 3H)t/P _ 



The rule is ^ 



100 



= N.I.H.P. 



There are here four factors, which will be taken in the order most 
convenient for eiplanation. It is presumed that our hearers are familiar 
with the report in which the rule was puOlished. This report is appended, 
and may bo referred Co for exphinatioQ of symbols, statement of uornuil 
conditions, etc. (.See Appendix A, page 19U.J 
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(1) D'. Ab the rule expresst-e valne in terms of I.H.P., the diaaietar~ 
squared, or the area of the low pressure cylinder, must enter into it. 
As the water conBamptroD, bo fiir bb Hffected by the decree of expansion 
in the cylinders, is assumed nnifonn for any given boiler pressare, it is 
not necessary to take account of any other cylinders than the last one. 

For weight calculations, it is, in cases of extreme variation of cylinder 
ratio, more accurate to take account of all the cylinders, or at leait of Uie 
first and last one — the high pressnre and the low pressure. The rcsalting 
coraplication of forninlu is, however, for our purpose, inadmiasible. 

Other things being eqnal, we therefore take D* as being proportional 
to valne. 

(2) V P. This factor represents mean pressure reduced to th? low 
presaui-e cylinder, and for pressures ranging "from 50 Ihe, to 260 lbs. it 
so happens that It represents with remarkable fidelity the mean preasares, 
which will usaally be obtained if the steam be expanded to the Bune 
terminal pressure, with the same degree of efficiency. For proof of this. 
see Table L, Appendix A, page 200. In actual practice it will seldom 
happen that the efficiency will agree exactly with that assnnied in the 
above table. It will sometimes rise above it, and probably as often fall 
below it. AH that it can possibly represent is nrerage efficiency. Varia- 
tion in efficiency of the steaoi cannot be taken into account as a factor 
in any general rule such as this one. Such variation is a most important 
factor in the value of stciim engines, but it is undoubtedly ontside the 
pale of exact estimation by any combination of known dimensions, areas, 
pressures, or proportions. It falls within the category of the variable 
coefficient at the end of Table A, page 195, and as snch is to bo vaJned 
by other means than pure mathematics. 

One of the objections urged against the rule has been, that it fails to 
take account of this variation, and is therefore useless, as a. measure of 
value. With eijual justice it may be urged against the well-known 
expression for the locomotive performance of steamships, that it fails to 
take account of the variation of the coefficient of friction due to the state 
of ships' bottoms, and that it is therefore useless as a means of estimating 
resistance; with equal justice it may be urged against the law which 
says that the strength of shafts is proportional to the cubes of their 
diameters, that it fails to take account of the exact qualities of the 
material of which shafts may be made, and that it is therefore useless aa a 
measure of the strength of shafts. In short, with equal justice, objections 
of this class may be brought against every general rule used in the wide 
i-ange of engineering practice. Rules which ti^^j generally can only do 
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BO because they do not apply individually witli absolute exactness. 
Nobody can calculate the ^xart strength of a particular shaft till he haB 
tested the material of which it is made; he can only apply a general rule 
to it, which contains a factor deduced from the avertjffe quality of §imilar 
material previously tested. This rule will only give an avciarje or 
estimated result, which may or may not con-espond with the artiml 
strength, but it is not therefore discarded ns useless. In similar fashion 
nobody can calculate the exact efficiency of any particular engine till he 
has tested a duplicate engine in exactly the same conditions; he can only 
apply his experience drawn from "an average of previous examples, and 
his estimate may or may not correspond with the artiial efficiency. 

It will be observed that the effect of the factor s/P on the result is 
the same as if the degree of expansion in the engines were arranged to 
give a constant water consamption for constant pressure; that is to 
say, each boiler pressure is credited with its own economy, due to it in 
■virtue of its pressure alone. This appears to be the only fair and the 
only scientific way in which to deal with degree of boiler pressure. 
Many engines are working at a higher mean pressure, and many at a 
lower mean pressure than is fixed npon in Table I., page SCO, of the 
report. This may be due to two causes: first, to the former engines 
expanding the steam less, and the latter engines more than the average 
taken in the table. If this is bo, the former will, other things being 
equal, be working at a higher relative water consumption per I.E. P. 
than the latter, and the application of the VP In the rule will, in 
rating tlieir capabilities, correct this ineqnality. Or second, it may be 
dae to a higher efficiency of ports, passages, valve adjustments and 
other arrangements in the former engines than is assumed in the table, 
and to a lower efficiency in the latter engines, and if this is so no 
possible function of P, or of any other known element of the engines, 
will estimate beforehand the relative values of the two, Indeed, amongst 
engineers themselves, opinions differ as to the exact influence upon 
efficiency of various proportions and arrangements. For instance, the 
influence of jackets, the influence of the relative ratios of the cylinder 
areas in multiple cylinder engines, the influence of the relative degree 
of expansion carried out in each cylinder of multiple cylinder engines, 
the influence of receiver capacity, the influence of the Woolf type of 
engine versus the receiver type, and the influence of many other points 
of detail in design and working. 

And if opinions differ on these matters, it is not possible to formulate 
their influence, so as to be generally acceptable, even were it mathema- 
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tkkZj j<«rf.ue — vifrfc H if dtc Bm an to the inflnenoe of decree of 
mAZiTKL '*ijrT^ CASL K ifC' di^Sereixx of rjpmioiL, sc least within the limits 
of ex^s: :•: ^L^ci: i: i§ ^a^iilij earned in engines of admittedly good 

''3. v^>. Tl:< faccor represents piston speed* and its introduction 
iLio :b-E: ri^- ?"*3Qi--j ineana that the piaxon speeds of engines of different 
\*:riTiL^ of strr.te are ascmed to varr as the enhe roots of their respective 
ftrvkes^ Tr.;c > p<rrfaapc the m<:€t important factor in the mie, as it is 
oertainij the one to which exception h most apt to he taken, and natarallj 
iio. 1 seance of ail th^ factors which so to determine valne, as expressed 
in t^nn* of I.H.P.. piston speed is the one which in anj given case is 
sTiscepfble of the gr&a:«5st varianon. 

It is not r.nr intention Vj exhilnt anv collection of historical methods 
of dealin? with stnjke in rules for horse-power, although the stndj of 
each is instructive as showing the very great diversity of views which 
have been held as to allowable piston speeds. The particular fonction 
of the strrike fixed upon in the rule to represent piston speed, was not 
chosen in any hap-liazard fashion, nor was it simply adopted from any 
previously existing rule. The majority of rules for nominal horse-power 
we Ixilieve do contain >/S, and rightly so in our opinion^ but in the 
I>refient case, n/ S was decided upon solely because of its inherent fitness. 

Many pn.»jxjsais have been made by critics of the rule, as to this 
matter of piston speed. 

One ^oiitlenian objects that piston speed should have nothing to do 
with length of stroke, l)Ut tliat- it should vary with the square root of 
th<; boiler pressure. Quite a common objection is, that the piston speed 
of the nile is not the ^/r/w// piston speed ; and to remedy this, it is pro- 
po8(id by some to emlxKly in the rule the estimated piston speed, and by 
others to wait till the trial trip, and use the ffctiwl piston speed developed. 

Again, it has been said that the piston speeds given in Table II. of 
Aj)j)endix A, page 201, are lower than the average of the present day, 
and that, for instance, they represent the practice of the Tyne more 
closely than that of the Clyde. 

Now we arc (piite sure that proposals such as these, and objections 
Hiu^h as these, would never have been brought forward, had the true 
object juid ])urport of the rule been understood. 

When it is remembered that it is comj)arative value expressed in tenns 
of horse-power which the rule represents, it is at once evident that 
esllnmlnl piston sju'cd or actual piston speed, will not serve the purpose 
re(piiriul. Value it? independent of the aiprice of the estimator of piston 
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speeds. It ib also evident that the matter of the practice of a particalar 
district as agaiuet the practice of other districts, can only inflnence the 
rule by affecting the amount of the constanta. The comparative valnes uf 
different lengths of stroke are independent of the practice of any district 
as regards piston speeds. 

Let us enquire at once — On what dnex piaton speed depend ? The 
answer to this in one sense undoubtedly is, that piston speeds i'» acltuil 
praefire depend upon no ]irinciple, and upon no mle, but simply and 
solely npon the idea, the whim, or the necessity of the designer, Piaton 
speed may bo uiiy amount yon wish it to be, within extremuly wide 
hmits, and this without any reference to the length of stroke at all. 
There is no general consensus of opinion or of practice as to piaton 
speeds corresponding to different strokes. If however it is asked— On 
what oii<ilit piston speed to depend? We have a question which is 
Husceptibie of quite u different answer from the foregoing. 

From the point of view of value to the shipowner, piston speed ought 
to depend upon tear and wear, and durability, or in other words, upon 
factors 2 and 3, page 179. I'his being so, it is evident that piston 
speed will depend upon the length of stroke, and that piston speed must 
vary wUh «ome/unrtmi of the stroke; whether that function l>e tlie cube 
root, the square root, or any other root being matter for determination. 

Absolute piston speed does nut concern as so closely as rehitive piston 
speed. The former — as has been already said — affects only the divisor 
or at most the two constants in the rule; the latter is a matter of 
principle and touches the very core of the question. 

The value of engines to the owner depends— other things being 
equal — upon factors 2 and 8, page 179. That is to say, the greater 
the attention and adjustment required, the more oO, stores, etc., con- 
sumed, and the greater the tear and wear, the less is the value of each 
horse-power developed by the engines. Now it wiU not be denied that 
these factors are largely if not chiefly affected by piston speed. The 
greater the piston speed beyond certain limits for any one stroke — other 
things eqnal — the greater the tear and wear, etc. 

We atfirm that when piston speeds vary as the cube root of the stroke, 
the resulting tear and wear, etc., will — other things equal — be approxi- 
mately the same for all strokes. 

In order to explain this proposition, it will be necessary for us to go 
at some length into the question as to what causes tear and wear, etc. 
When we use the expression " tear and wear, etc.," it is to be understood 
that we refer to all that is involved in factors 2 and 3 already referred 
to, with the exception of the boiler element in 3. 
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Upon reference to page 179, it will be noted that piston speed it 
not the only caose of tear and wear, etc. There is in addition the size 
and general efflcieucy of the bearing siirfacea, deeigii and arrangement, 
accesaibilitj of parts, workman ah tp, and maierial ; but of none of these 
latter can any general rule take account, and we confine ourselves to 
what u generul rale can take account of, viz. : — revolutions or piston speed. 

When engines are driven beyond a certain speed of revolnti'on, they 
invariably develop a tendency to vibration, which viliration aSects their 
whole structure, and a tendency to jar and knock at the ends of the 
Btroke. These undc:8irable mauifestatiuua may be to a certain extent 
reduced by nicety of adjustments and by nicety of balancing. The 
tendency to jar and knock may possibly be idtogelher overcome by 
these means, but the upkeep and attention required to preserve tUis 
nicety will be proportionately heavy. The tendency to general vibration 
on the other hand cnnnot, in the case oF marine engines as ordinarily 
designed, l>e entirely obviated when sjieeda exceed a certain limit, 
which limit depends upon the length of stroke, upon the size and 
weight of the reciprocating parts, and upon the strength and rigidity 
of iwth the substructure and snperstrncture of the engines as a whole. 

The diflicultit.'S to be met with in counteracting these tendencies may 
Ije taken as being proportiunal to the pressure per square inch of piston 
area required to alternately accelerate and retard the reciprocating 
parts. This pvcsgnre depends upon the weight per square inch of 
piston area of the reciprocating parts, upon the length of the stroke, 
and upon the square of the revolutions. It also depends upon the 
ratio of length of connecting rod to length of stroke, but this ratio, 
being assmued uniform, "ill not affect the result. If the weight of 
the reciprocating parts per square inch of piston were constant for 
all strokes, it is obvious that the pressures required tu deal witli 
acceleration would be constant for all strokes, when, and only when, 
the revolutions were proportional inversely to the square root of the 
stroke ; i.e., when piston speed varied at the square root of the stroke. 
But it Eo happens that the weight of reciprocating parts per square 
inch of piston area is not constant, but varies approximately as the cube 
root of the stroke. Tlie diagram on Plate XVIII., shows the amounts 
of these weij^hts jter square inch of low prosaurc pist^m for actual engines 
of various strokes and diameteis of cylinders. The curve drawn through 
the average of the spots is a curve following the cube roots of the 
strokes. There is a slight tendency shown by the spots towards a rate 
of \'ariation which is faster than the cube root of the stroke allows, 
but the cnbe root seems on the whole a fair average. 
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The effect of this vnriation of weight, shown by the diapjam on 
Plate XVIIL, ib such that tbe pressures required to deal with acceleration 
and retardation arc conatiiDt when, and only when, the piston speeds 
for all strokes are proportional bo the cube voot of the stroke. In Appendix 
B, page 303, will be found the mathematical deduction of this conclusion. 

The cnbe root is the function of the stroke which is used in the 
rule to represent the variation of piston speed with length of stroke. 
The rule therefore rates all lengtlis of stroke equally, bo far as tear 
and wear, etc.', depends upon shocks and vibrations arising from 
excessive revolutions and piston speeds. 

Another undoubted source of tear and wear, depending upon piston 
BpectU is speed of ruhbinij of such parts as pistons, gnides, and shafting. 
This increases as piston speed increases, but its effects upon machinery 
do not seem to be of such a destructive nature as the effects due 
to inertia of moving parts. Indeed, this source of wear and tear 
can only be reduced to uniformity by a cooBtant piston speed for 
all lengths of stroke. 

This matter of piston speed is of such great importitnce that it would 
require, for its proper elucidation, a jwper devoted all to itfielf. In the 
time at our disposal we cannot do justice to it; but before leaving this 
part of the subject it may be useful to compare the cube root with the 
square root, as it aeems to be generally recognised that the choice lies 
between these two as functions of the stroke for representing piston speed. 
To assist this comparison, the diagrams on Plates XIX., XX., and XXI. 
arc given. 

It is to be understood that these diagrams show only romparative 
effects at different lengths of stroke. There is no attempt made to 
estimate tbe absolute tear and wear, etc., dne to frequency of reciproca- 
tion, and to speed of rubbing of the bearing surfaces, nor even to 
determine with accuracy the relative importance of these two sources of 
tear and wear. This would be going beyond the scope and needs of onr 
present purpose. 

The diagram on Plate XIX. is simply a graphic representation of bow 
piston speeds vary — (1) with the square root of the stroke, and (2) with 
the cube root of the stroke, and how the corresponding revolutions vary. 
It will be observed that, on the assumption that piston speed varies 
with V^. the piston speeds are lower with long strokes and higher with 
short strokes than is the case on tbe assumption of v'^, and that, of 
coarse, the revolutions with^/f* are lower with long strokes (but not 
very much), and higher with short strokes, than in the case of ^/S. 
The diagram repi'csents the piston speeds given in the report for VS. 
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If piston Bpeeds be nesunied to vary as y/S, Diagram 3, Plate XX. 
shows the relative tear and wear doe to different lengths of stroke. The 
tendency to vibnitioii and to shocks, etc., dne to frequency of reciproca- 
tion, increases as the lengtli of stroke increases, and itti relative amouDbs 
at diSercnL strokes are proportional to the: urdinates of the shaded figure 
which lies bi'low the Itase line A B. The ordinatea of the shaded Ggnre 
(ihni-ii A fi represent relative piston speeds, and it will be observed tfaftt 
these increase very rapidly with the stroke. 

If piston speeds be assnnied to vary as VS, Diagram 4, Plate XXI,, 
shows the relative I«ar and wear doe to different strokes. In all these 
diagi-Jius the piston speeds are assumed the same at 42 inches stroke, for 
tlic sake of compariGou, In this diagram the tendency to vibration and 
shocks arising from frequency of reciprocation is uniform and equal at all 
lengths of stroke, and the only variation in degree of tear and wear is that 
which may be due to increase of speed of rubbing with the longer strokes. 
As before, ordinates below the line A B represent inertia effects (in this 
case eqnal), and above A B ordinatcs represent reliitive piston speeds. 

A com[)ari8on of the ordinates repn^senting the total depth of the 
shaded figures in Diagrams 3 and i will show that, while they are equal 
at 42 inches stroke, they vary to a much greater extent, both for shorter 
and longer strokes, in Diagram 3 than iu Diagram 4. On the whole, the 
conclusion would seem to be warranted that Diagram 4, representing as 
it does a much moi'e uniform condition of things than Diagram 3. is 
the embodiment of a law of variation of piston speeds with stroke, 
which is preferable to that embodied in Diagram 3 — that is, l/H is 
preferable to s/8, 

(4) H (heating surface). This factor does not call for any lengthened 
notice. Its presence in the rule, combined as it is, in a certain way with 
VP, secures to the boiler element its proportionate inflnence on the 
result. 

The only question of vital importance that can woll arise, is as to 
whether heating surface a the function of the boiler which best represents 
value. It has been proposed to take grato surface instead, but within a 
given shell, the latter can be varied very mnch without carrying with it 
a proportional variation in the value of the boiler. The heating surface 
is not so BQSceptible of variation within a given Eheli. It is in parti- 
cular not susceptible of much iiuri'fisp beyond the normal amount, because 
of the necessity for pi-eserving a practicable steam room, and accessibility 
to the internal ports of the boiler. And if it Is mnch lesx than the 
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usual amount in a given shell the horse-power mnat a!ao be less, what- 
ever be the grate Biirface, or the boiler capacity, otherwise the proviso of 
a constaat coal consumption is violated. Instead of beating surface, it 
has also been proposed to take the boiler cajmcity, or a proportional to 
it, viz.. diameter'-' x length. But boiler capacity might be largely cora- 
posed of Bt«am room, or water room, or both; and these, when over a 
certain limit, are of no valne. 

Taking all tbinirs into consi deration, the heating snriace seems to be 
by far the best fiinction by which to express boiler value in the sense 
in which we are using the term, and the association with it of ^P gives 
to each foot of heating surface, a higher or a lower value, as the boiler 
pressure is higher or lower, in exactly the same way as is the case with 
a higher or lower pressure in the engines. 

(5) The divisor. As to the way in which the various factors which 
have just been passed in review are combined in the rule, the report 
in the Appendis speaks for itself with aufficieut clein-ness. 

With regard to the divisor of 100, it will be readily understood from 
the general drift of this paper that the particular amount which may 
be fixed upon as a divisor is really of very little consequence, so long 
as it is a convenient figure. The divisor cannot alter the principle or 
principles upon which the rule is baaed ; it can only affect the absolute 
amount of the result, and it cannot alfect the amount otherwise than 
pruportionutely in all cases. But the mle is a comparative rnle, hence 
the magnitude of the divisor is powerless to disturb tbe comparative 
nature of the rule. 

As matter of fact the value of lU'J was chosen for two reasons. First 
and chiefly because it reduced the result to what was considered a fair 
average horse-power developed on trial trip in average or normal cir- 
cumstances; and secondly, because it was a most convenient nnmber 
for nse in calculation. Let it, however, be distinctly nndci'stood that 
whether the rule gives a result which is considered too high, or whether 
it gives a result which is considered too low, this affect* in nowise the 
value or usefulness of the rule — au alteration in the divisor will alter 
the result equally for all cases. The rule is nothing if it is not compara- 
tive, and it is solely and entirely upon its cojnjparative nature, upon its 
power of rompfirin;/ the value of diflerent engines and boilers, that ita 
claim to usefulness rests. 
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Weight. — On page 180, No. 6, weight is given as one of the factors 
which go to detennine value to the shipowner, and in Table A, page 
195, it occurs at the beginning, but is merged into the geYieral expression 
as the factors are specialised. The reason for its disappearance is to be 
found in the following proposition : — 

For given tgpe, design, proportions^ mid arrangement of engines mid 
boilers built of given materials and to given factors of safety ^ the total 
weight is practically proportional to N.I.ff.P. 

An analytical investigation of the relation between weight and 
N.I.H.P. will, we have reason to believe, substantially support this ; but, 
owing to the exceeding complexity and difficulty of the problem when 
dealt with analytically, it is well not to accept as true any result so 
arrived at unless it be substantially corroborated by results derived from 
actual practice. So far as the practical data at our command go, the 
conclusion indicated by analytical considerations is very well supported. 

Time will not permit of our dwelling upon this part of the subject at 
such length as its importance demands. We can only briefly refer to 
the diagram on Plate XXII., as a demonstration from practice of the 
above proposition. 

In this diagram abscisssQ represent N.I.H.P. and ordinates represent 
total weight, including water. All the engines represented were carefully 
weighed before leaving the works, and the weights are, to our knowledge, 
correct. The only modification which has been made upon the weights 
as actually put ou board has been to allow to each the same spare parts. 
This, it will be conceded, is necessary in order to render the comparison 
just. 

Engines and boilers of a very wide variety of type are plotted down, 
and lines are drawn through the average positions of three distinct types, 
viz. : — 

1. — Merchant screw engines of the ordinary vertical type. These 
vary considerably in design and scantlings, some being of a relatively 
heavy and some of a relatively light construction. They embrace twin 
screws as well as single screws, and double as well as single-ended boilers, 
but all the boilere are of the ordinary cylindrical return- tube type. 

2. — Twin screw cruiser engines, both vertical and horizontal, having 
cylindrical boilers of the return-tube type, as well as of the Navy type. 
The examples given vary greatly in scantlings and design, some having 
framing of cast steel and some of cast iron. 

3. — Twin screw torpedo-gunboat vertical engines, having modified 
locomotive type of boilers. 
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Some of tlie examples given constitute distinct vBrieties, different 
from the tbree types mentioned, and tliis explains why they diverge from 
the diagonals drawn for each of the three tyiies. Double expansion 
and triple expansion engines are represented, and pressares ranging 
from 90 lbs. to 160 lbs. A greater number of examples might be 
given, but those plotted exhaust the list, the weights of which we are 
able to guarantee as U'ing correct. 

The large Diagram No. 6, Plate XXITI. is intended to save the 
trouble of calculating N.I.H.P., and is given to show at least one method 
by which the four fiictore of the rule may be combined so as to give the 
N.I.H.P. by inspection. 

II. — Cost to the BtirLDEa. 

So far ae weight is an index of cost, N.I.H.P. is a fair index of coat 
of any one type. But weight hy ilsflf ia, of course, no reliable index 
of cost. At the best, it can only be used — if used at all — as a hasix by 
moans of which to deduce comparative costs for different sizes. These 
comparative costa must then be modified according to the particular 
circumstances of the case and of the time. The circumstances referred 
to comprehend amongst others such -variables as amount of spare gear, 
rate of wages, and price of materials. 

Used in this manner, N.I.H.P. may be made very serviceable to the 
estimator of costs, but the enginea and boilers should be dealt with 
separately. Every estimator, we presume, has xome rule by which he 
arrives first of all at a basis cost, which basis cost he then manipulates 
according to the circumstances of the case and of the time ; and we know 
of no general rule which gives such a reliable basis cost as that given by 
N.I.H.P. 

It is of course impossible to exhibit in the form of a diagram, the 
relation between actual cost and N.I.H.P., on account of the great 
variations in cost, caused by flnctuations in the labour and material 
markets, and on account of other iniluenceB, the variations due to which 
cannot be determined with accuracy. Of one thing, however, we are con- 
vinced, viz., that for machinery of the same type and design, built under 
Bimitar circumstances, and not differing enormously in size, the costs will 
be found to be, for all practical purposes, proportional to N.I.H.P. For 
example, take the engines mentioned on page 178, and assume that both 
are provided with b<:>ilers of 3,500 sc|Qare feet heating surface, but that 
No. 1 is adapted for a working pressure of 170 Ibe. per square inch, while 
No. 2 is adapted for a pressure of ISOlbs. per sqmire inch. The N.I.H.P. 
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of No. 1. will then be 1,284, and the N.I.H.P, of No, 2 will be 1,096. 
Then if the cost of No. 1 is, say £100, the cost of No. 2 will, on the 
same basis, amount to 100 x 1,095 

1,284 = ^^^'^• 

LloycCa Rule. — Lloyd's new rale for nominal horse-power was issued 
by Lloyd's Committee some time after the publication by this Institu- 
tion of the Council's Beport embodying N.I.H.P. 

Lloyd's rule can be deduced from the N.I.H.P. rule by entirely 
omitcing the boiler pressure, by changing the cube root of S into the 
square root of S, and by dividing by 5. The process of deduction will 
be found in Appendix C, page 204. Lloyd's rule is no simpler than the 
N.I.H.P. rule ; both involve the same number of operations in calcula- 
tion, Lloyd's involving three factors and three constants, and N.I.H.P. 
involving four factors and two constants. The range of application of 
Lloyd's rule is vitally impaired by the omission of boiler pressure. In 
addition to this, we consider, for reasons ab-eady given, that it unduly 
handicaps short strokes, and favours long strokes, because of the adoption 
of the square root in dealing with the stroke. Whether r^arded as an 
index of value to the shipowner, or of cost to the builder, it is, therefore, 
only applicable to engines of the same stroke, working at the same boiler 
pressure. 
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II. — Conditions assumed ab Nobual. 
1. — Tii/ii tlie atmm, vjJtatfvr may be its hoilfr presaure betu-fm SO lbs, 
and 350 lbs. per nqiiarf inch, is fxpamleii by tfi» eru/iries to the 
same terminal pressure. 
This condition is necessary for the purpose of arriving at the power 
of the engines by themselves, but it is modi&ed in its application by the 
role nnder certain circumstances when the Iwilers are taken along with 
the engines, as will be explained further on. 
2. — That the txpansion is effected by the enyiius with IJie same aegrte of 
efficiency for all pressures between 50 lbs. and 250 lbs. jier square 
inch. 
This condition secures that for the higher pressures, engines of triple, 
qna<lrup]e, or more expansions must be nsed, the number of exjmnsions 
depending on the pressure. 

As a result of Conditions I and 'J tl follows that the mean pressure 
reduced to the low pressure cylinder {Pm) may be assumed as proportional 
to the cube root of the boiler pressure (V^). and further that its actual 
loaded trial trip value may be taken without sensible error as 5-G V P- 

See Table I., page 200, for proof of this. 
3. — 77iat thepiston speeds ofenffine» of different lengt/ts of stroke are pro- 
portional to the cube roots of thnr respocHve strokes ; and, further, 
that the actual loaded trial trip value of piatmi speed may be taken 
as 144 V^ 
See Table II., page 2U1, for the variation of piston speed with length 
of stroke under this condition. 

4. — That in all eases where the engines and boilers bear to each other sur/i 

proportions as to prevent Coiulilion 1 from being fulfilted, without 

thereby violating Condition 3, tlie roal consximptioH per I.H.P. wilt 

not be affected, but ifill be rynstant for the »ame boiler pressure. 

When the engines and boilers bear a certain proportion to each other, 

which proportion is indicated in equation (C) further on. Condition 1, in 

conjunction with Condition 2, secures thut the coal consumption will be 

constant for the same toiler pressure. 

But when the engines and boilers vary, in their relative pro|xirtiona, 
from what is here called the normal proportion, it is necessary that Con- 
dition 1 should be departed from, if the coal consumption is to be pre- 
si;rved constant for the same pressure, and if Condition 3 is not to be 
violated. Table IV., page 202, shows how nearly the rule fulfils this con- 



i": 






ji'-i 

»|l ■ 

i : 

I 5 



'! ■ 



j 

1': : 

: 



f 



• c 



^ 

» I 

I 



I. 



■ f 



OF MARINE ENGINES AKD BOILERS. 19D 



I.H.P. of combined engines and boilera 

^ D^yps Hj/F 

52 "^ 16 



2 

This expression may without sensible error, and for conTenience, be 
written : — _ 

N.I.H.P. = (P'^"^+Jg)^P Q.E.D. 



Notes. 

1. — The only step in the above process of deduction which calls for 
further explanation is that by which the combined power of the engines 
and boilers is found by adding their separate powers and dividing by 2. 

This step, though arbitrary, will be found to give results which very 
nearly conform to Condition 4, according to which condition the coal 
consumption per I.H.P. remains constant for any given pressure, even 
though the boilers vary from their usual proportion relatively to the 
engines. 

Table IV ., page 202, is, therefore, the justification for this step ; and 
from this table it will be seen that the power given by the rule approxi- 
mates very closely indeed io tJie only power which meets the proviso of a 
constant economy for a given working pressure, under varying i*elations 
of boilers to engines. 

2. — For Paddle Engines the same rule may be used, with its coefficients 
modified to meet the altered condition of piston speed which usually 
obtains in these engines. Assuming, that under Condition 4, the piston 

speed of paddle engines may be taken at 90 V^Tthe rule may, without 
sensible error, be written — 

N.I.H.P. of Paddle Engines = ^^'^^ "t^^^^^ 

J)2 Jyg" 

and Equation (C) would become : H = —^ — - 

8. — The Council considers the term " Nominal Horse-Power," as at 
present used, very indefinite and misleading as a measure of the power 
of marine machinery. If, however, instead of Indicated power, a quantity 
be required which will compare more nearly with what is known as 
" Nominal Horse-Power," the above rule may be used thus : — Nominal 

Y-r -Tk jN.l.ii.ir. 

Horse-Power = :; — 
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TABLE II. 

SHOWIlfa THE FiBTON SPBBD AND RbYOLUTIONB ON THB ASBUICPTION THAT TBI 

NoB3iAL Piston Spbbd is equal to 144 >/S. 
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TABLE III. 

iWlXO BOW THK AUOUHT OF UKATIKa SPBFACB FHB NOBMAL InDICATBD HoBAB 
PonBB TASIES WITB TUB BOILEB PBBSBDKB ON TEE IBaDUPtlOH TBiT THIfi 
HOBSE FOWBB EQVAI^ V 
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APPENDIX B. 

Showing that the effects of the inertia of reciprocating parts are 
constant when piston speeds vary as the cube root of the stroke. 

Let W = weight of the reciprocating parts in lbs. per square inch of 
piston area. 

Let P speed = piston speed in unit time. 
„ R = revolutions „ „ 

„ S = stroke in feet. 

„ A = pressure in lbs. \^t square inch of piston area required to 
accelerate the reciprocating parts at the beginning and end of stroke. 

Then A oc W S R^ 

But W oc V S'. See Diagram No. 1, Plate XVIII. 

Therefore A oc»/S"SR'. 

,. „ Vs^ R'. 

or „ „ S^R*. 
Then if A is to be constant for all lengths of stroke we have 
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Timt is to say, A is 


constant for all strokes, when piston speed varies 


as Vs. 
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APPENDIX C. 

Showing how Lloyd's rule can be dedaced fh>m N.I.H.P. 

(D»'/S" + 8-25H)VF a r> ^ 
N.I.H.P. = -^^ — — • See Report. 

104 

620 

^ I)' V 8" + 325 H Eliminating P and assuming it 
97*8 equal to 160. 

DVS" ^ H 

+ 



97-8 80-1 



P'>/S _H_ Substituting ^ s forVs and as- 

199-1 ^ 80-1 Burning S = 72". 

/D'v's" H \ 

H QQ-ufi "*" 15^ I Compare this with the following : 



/BVS H \ 

Lloyd's rule = i|^-^^ + - ) 
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NORTH-EAST COAST INSTITUTION OP ENGINEERS AND 

SHIPBUILDERS. 



Sixth Session, 1889-90. 



PROCEEDINGS. 



SBVBNTH QBNBEAL MBBTING OF THB SBSSION, HBLD IN THE 
LBCTURE HALL OP THB LITBRARY AND PHILOSOPHICAL 
SOCIBTY, NBWCASTLE-UPON-TyNB, ON MONDAY BVBNINO, 
MARCH 24th, 1890. 



WM. BOYD, BsQ.> Past-Pbbsident, ik the Ohaib. 



The Secretary read the minates of the preceding Cteneral Meeting, 
held in Newcastle, on March 10th, which were approved by the memben 
present, and signed by the Past-President. 



Mr. R. L. Weighton concladed his paper on the Institation's Rale 
for the " Normal Indicated Horse- Power of Marine Engines and Boilers/' 

The discussion which followed was adjoamed. 

Mr. G. Bbeg8te6m then read a paper " On the Structural Strength, 
etc., of Cargo Steamers of Different Types/' 
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DISCUSSION ON MR. E. L. WEIGHTON'S PAPER ON THE 
"NORMAL INDICATED HORSE-POWER OF MARINE 
ENGINES AND BOILERS." 

The Past-President said, that before fnviting discussion on this 
paper, which had been read by Mr. Weighton, he was going to ask them 
to eicuse him for a moment on this occasion from the ordinary treatment 
of papers, for he occnpied a somewhat peculiar position in regard to it. 
It would be within the knowledge of some of them tliat the subject of 
the paper was referred to by him in his second inaugural address to the 
Institution. A Committee called "The Engine and Boiler Power 
Committee" was the outcome of that address. The Committee, in the 
first instance, was under the gnidance of the late Mr. William Clark, of 
Sunderland. He presided over one or two prehminary meetings; but, 
unfortunately, owing to bis ill-health, a considerable length of time 
elapsed before much was done. On his untimely death, it was snggested 
that he (Mr. Boyd ) should take his place as Chairman of this Committee, 
and the result was due mainly to the exertions of the scientific experts 
named on that Committee, notably his friends, Mr. Weighton, Mr, Alex. 
Taylor, and others. The matter went on for some time, and the rule 
appeared in their Transactions of two years ago, and was criticised more 
or less freely by various scientific papers both in their own and foreign 
countries. The Committee felt all along that the scope and form of the 
nile proposed hy them and the lines they had set before themselves, were 
never fully appreciated or understood. Of course, the Committee having 
drawn out it« re]>ort to the Council, its duties were at an end ; but there 
were conversations at the Council meetings bs to how the misunderstanding 
might be rectified, and the matter brought before the engineering public 
in a better way. Well, the end of it was that Mr. Weighton was asked 
to draw up this able statement, which he had prepared as representing 
the argument of the Committee us tliey wished to have it laid before the 
scientific community who were expected to use it. He wished also 
to say that this Committee was revived about three weeks ago. and 
a meeting was held lo which Mr. Weighton's document was submitted, 
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and alnwct without an altentioo was adopted faj that Committee, bo that 
ID gpeaking that nidxt od this paper, Mr. Weigfatoo spoke as the moaUi- 
piece of those whcee dntj it had been to draw np these roles. In saying 
that, be wished also u> saj that the abiKtj with which this report had 
been coDCOCted« and the comprefaenare waj in which Tsrioos points that 
affected the rak had Ijeen laid before them, was Mr. Weigfaton's own^ and 
the entire credit of the prodoction was doe to him. Having said this bj 
way of explanation, he did not propose that night as Chairman to make 
a detailed speedi opon the paper itself, bat there was jost one key-note 
he would like to strike. On page 181, Mr. Weigh ton began by saying — ^In 
Older to redooe the probion to dimensions whidi wiU enable it to be dealt 
with at all, it is neoesBary to make certain aasomptions ;" and on the last 
line of page 184, ^ Boles which apply generaHy can only do so because t^iey 
do not apply indiTidoallj with absolote exactness.'* He thooght those two 
sentences explained the diflScolties which many of their critics had foond 
in the use of this role. Thej had tak^i this role and apfrfied it to certain 
cases of their own individual manofactore, and becaose it had not fitted 
into them, condemned the role as osdess and worthless. Now, that was 
not the object for which this role was formed at all. In the oonatniction 
of the roles proposed, certain assompdons were made, certain assumed 
conditions taken. For example, one of them was the haded trial tr^t. 
They might say that was not the very best conditions, it did not represent 
80 and so ; bnt that was one of the a^tumed conditions. It was not his 
place to recapitulate them now, bot that was the foondation on which 
the rnle was pitched, and once thev attempted to get awav from that 
foundation the fabric fell to pieces ; but if that fonndadon was admitted 
as a eoand one, then it appeared to them this rule was one that coold be 
applicable in a variety of ways, and was '* based npon sound scientific 
principles,"^ which was. as he himself had originally defined it, the 
charter of their incorp:»ratioD. He should like to say here, by the 
way, that in the paper it was stated that this rale might be of nse 
to the estimator. Well, he wished to say that this rule was used 
in his office every day of his hfe, and in this way. They had certain 
standard fiattems (like everybody else» of various sizes. A normal 
indicated horse-power was assigned to each of these standard patterns, 
IxLsed on the rule l^efore them, and that was taken as their basis 
for estimatincr pnr^»ose:?, and with the normal indicated horse-power and 
normal heatini: surfiK-e attached to it. If that heating surface was de- 
j.»arted from, spare ii&xv and other :hings added, then the estimate was 
increa^ied in accordance with the circumstances of the dififerent cases. He 
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cxmld bear testimony that in one office, at any rate, it was being uaed in 
ordinary practice with very great sncceas for one of the very piirpoaefi for 
which this rale was established. The only other thing he bad to say was 
on the qoestion of Lloyd'a rnJee. Some two yeara agn a rnle was sub- 
mitted by Lloyd'a Regiatry in whicli one of the moBt important factors 
was the total width of grate snrfaue. He did nut think lliat rule ever 
got very far ; but at the time it was bronght forward he found that it 
operated in the following way in the case of two vessels for which liis 
company had constructed the machinery. These vef«elB were exactly 
identical in every respect — fitted with the same size of engines, the same 
stroke and numixtr of revolutions, same boiler, same working pressure, 
same heating surface. The boilers in one vessel contained eight Fox 
furnaces 3 feet (> iuches diameter, the other contained twelve plain fur- 
naces 2 feet 1 1 iuches diameter. Although both engines were identical 
except in the size and number of the fnrnitces, the horse-power given by 
the rule in the case of the plain furaaces was Ml, and with the corru- 
gated furnaces 304. He (Mr. Boyd) did nut want tu press a point of that 
kind unduly, as he thought that nile did not get very far, hut he thought 
it showed that sometimes Lloyd's rales were open to criticism. This 
rnle was ahandoned; but then they came to Lloyd's present rule for 
nominal horse-power, and he confessed that he did think Lloyd's had 
again made a mistake in bringing forward the rule whicli jiow repre- 
sented the views of that society. They had omitted what he (Mr. Boyd) 
and others thought a very important factor in the power of the engine, 
namely, tlie ■fires^tcri' of glemn in Ike l/oilms, and it would almost seem 
that the rale had been made simply to get away a little bit from t!ie rule 
already published (or at least, projioseiT) by our Institution. He did not 
know whether it was too much to hope that the result of this paper and 
the discussion upon it might be such as to induce Lloyd's to believe that 
this was, after all, the important element in the power of the machinery, 
and perhaps be willing to adopt their rale in its integrity. Whether that 
might be so or not was not for him to say. He must apologise for having 
kept them with this explanation of bis position, but he was anxious to 
come and identify himself with Mr. Weighton's paper. He hoped it 
would be discussed from a scientific point of view, and he was quite sure 
Mr. Weightou would gladly welcome any criticism or diecussiou they 
might be good enough to give to the paper. 

Mr. B. (>. NiOHOL, who rose on the invitation of the Past- President, said 
that as a member of the Engine and Boiler-Power Committee, he was tjnite 
iu agreement with the rule as fnimed, and consequently had realty little or 
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DQChing to nj, except to ooogratnlate Mr. Wdgfakm on the masterfy 
maimer in which he had ehiddated the retton for the ezisftenoe and form 
of ereiy fector in the nile. He thoa^t Mr. Weig^iton's thc^ongli and 
exhanstiTe paper would not only oonviDoe the memhen of this Insdtiition 
of the atilitj and value of the role as framed, hot also those members of 
other insutations who had criticised the cniginal report adverselj, in most 
cases because tbej failed to grasp that the role was notabsolnte as r^aitls 
indicated horse-power, bat comparative, and most be used in a comparative 
sense. Had Mr. Wei^hton's paper been presented ^ong with the original 
report be believed those misonderstandings woold have been avoided. He 
thooght their gratitode was doe to Mr. Weighton, both for his ardnons 
work on the Committee, and for the vast amoont of laboor expended 
in the prodoction of the paper and the preparation of the table and 
diagrams. He thooght Mr. Weighton was very generoos in presenting 
the Institotioo with the last of these diagrams (Plate XXIII.), which 
might in a great measore, and at least as &r as the shipowner was 
conceroed, be regarded as "engineering made easy." 

Mr. Jajces Pattebsox said he was not in Mr. NichoFs position, that 
of a member of the Engine and Boiler- Power Committee, and was there- 
fore free to criticise this role adversely or otherwise as appeared to 
him best. The role was now before them for criticism for the first time, 
althouirb pablished for two years. During this time it had been criticised 
very freely elsewhere, especially by the veoerable Institution in Scotland. 
He most sav he then eh t most of the criticisms of the rule showed the 
criticisers had failed to understand it. He therefore agreed with Mr. 
Nichol that they owed a crreat deal to Mr. Weighton for the clear way 
in which he had explained it to them. The first point he noticed was 
that ^Ir. Weighton had very carefully explained what they understood 
to be the need of the rule, and he agreed with the Committee that there 
was a rule re(juired as a standard to the shipowner for the value of the 
propelling machinery, and that was found in the Normal Indicated Horse- 
Power rule which they had given them. The first departure, from 
previous niles observable, was from nominal to normal, and this was not 
a mere changing of the word, but it was a displacement of a merely 
nominal or qualitative measurement, by an exact quantitative measure- 
ment which Mr. Dyer, in his paper to the Scotch Institution, told them 
was the tendency in every department of scientific investigation. This 
was a must important point, and should be emphasised, because the con- 
trary had Ixjcn assumed, viz., that normal indicated horse-power was 
merely a modified formula lor nominal horse-power, and indeed the rule 
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had been called the nominal Indicated Hoi-ae-Power rule. Now, if the 
nominal indicnted horee-power could be of use to anybody, he could find 
it by almost any proccsa he chose, and could therefore give it any value 
he chose. One way familiar to many of them was to calculate what 
would be the highest mean pressure they hoped to obtain upon a trial 
trip, also from their inner consciousness determine the maximum revolu- 
ttoDS to be attained at a trial trip, irrespective of all tear and wear, or 
whether the enginoa would run for more than four hours at that speed, 
and from these figures calculate the indicated horse-power. That would 
be a nominal indicated horse-power without doubt, but the figure so 
obtained would be of no use to anyone unless other conditions were 
known, such as cxjal consumption, wear and tear, etc., and then only if they 
had some standard to compare it by. Knowing these conditions they 
were at once able to appraise the value of that horse-power by cora- 
pariDg it, and the conditions under which it was hoped to attain it, 
with the horse-power which would be obtained under normal conditions, 
which horse-power our Council have called the Normal Indicated Horsc- 
Power. Another rule for nommnl indicated horse-power was, nominal 
indicated horse-power = (dia, of funnel)* x constant ; but in this case 
the conditions which would have to be made known to make the rule of 
any value would be rather more numerous than in the 6rst, including 
the sizes of the engines and healing surface of the boilers ; but the two 
mles were of the same character. Now, granted that there was a need 
for a rule, was there not a great corresponding danger that any rule 
would tend to stereotype a certain class of engine and leave no room for 
the engineer obtaining credit for skill in hia work? If this were a valid 
objection it would be a very fatal one to the rule. He did not think it 
could be valid if the rule was based upon correct principles. If any en- 
gineer could get more indicated horse-power out of bis machinery than 
the normal indicated horse-power, without increasing hia coal consump- 
tion, or wear and tear, and cost of maintenance, let him do so and claim 
credit for his skill. The rule in this case instead of refuaing him credit 
actually iiointed out what credit was due to him, and prevented the in- 
ferior engineer, whose machinery goes to pieces or consumes too much 
coal, claiming to be his equal, which he might in the absence of any 
exact basis of comparison ; or if one engineer could get the normal in- 
dicated horse-power with less coal than another let him claim credit for 
it. This could be exemplified in the tranaition from compounds to triple 
expansion engines, [f the coal consumption of a normal engine at 90 
lbs. pressure were 2 lbs. per indicated horse-power per hour, then at 150 
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lbs. pramre it would be 1*69 IfaA. per indiotted hone-powa* per hour. 
Nov, the oonsompdoQ of the oompoaiid engine at 90 lbs. pifiire is 
genenllj asKned at 2 Iba^ bat the triple u 150 Iba. ia poc at oonsider- 
ablj lower than 1-69 Iba. ; in this case there ia a disunct credit dne to 
the effidencj of the engine, and if anj engineer can so impioTe the 
triple engine at 150 Iba. as to bring the ooal consnmption down to 1 lb. per 
normal indicated hone-power per hoar, bj all means let him do no and 

^ 

daim the credit for his akilL The diffeient factora in the rale, the 
variabka^ were arranged in soch a manner aa to be troe to all en^nea. 
The constant in the rnle was chosen to represent the present practice at 
mnrmal conditions. That these constants were only constant for the preaent 
time most be admitted, as also for certain typea of machinery, 
was shown in the role itself, for the constant for the paddle engine 
very different from the constant for the screw engine, and the difference 
cannot be explained by any difference of inertia effect, bat simply by the 
difference in present practice in the two types. If at any fatore time the 
practice of engineen was so altered in the extent of bearings, etc, aa to 
aDow the use of higher speed of piston, he thought that might be em- 
bodied in the rale to give the normal indicated hone-poww at that 
time ; in the meantime use the normal of the present rale, and if they 
coald get more power, get that more power and claim the credit for their 
skill. The next feature of value was the combination of boiler with the 
engine — a great advance upon any rales previously published. It was 
a most imporunt point to shipowners, as it secured fair equality of 
steam producer to steam user, and in sach a way that, as stated in the 
paper, the normal indicated horse-p»:»w»:*r ojuld 1>? varied 2'» per cent, 
above and below the normal indicated horse-pc»wer without affecting 
the economy, which wag a sufficient range for all present practice. He 
wished to refer to the cube root of the preasare being taken as the mean 
pressure of the cylinders. He noticed in the table that the mean pres- 
sure had been calculated for the terminal pressure ofl5 lbs, absolute, and 
for the back pressure of C lbs. This seemed to him to be very high for 
the normal trial trip of a great many boats at any rate, he had therefore 
ran out what the figures would be. uk-ng 12 lbs. as the terminal pres- 
sure and 4 lbs. back pressure, and assuming the steam to expand in 
unjacketed cylinders. He found that they varied even more nearly as 
the cube root of the pressure than the figures given iu the table. He 
thought that was a point to be put forward, as it showed that the mean 
pressure varied with the cube roca of the boiler pressure, not in virtue of 
any particular assumed working ojnditions. 



OP MARISB F.NOINEB AND B0n,ER8, 



213 



Mr. M. Sandisox wished to take the opportnnity of complimenting the 
Committee on the rery perfect formula they hud evolved for determiuing 
the comparative vatne of mnrice machinery, and congratulated Mr. 
Weighton npon his very able exposition of the principleB involved. The 
role was certainly a more complete cipresaion of value than that recently 
published by Lloyd's. NevertheleBS, in certain cases — in the case of old 
vessels for example — some dilficnlty wonld be found in its application, 
becnuae the rule embodied two factors, one of which, the boiler pressure, 
was variable, and the other, the heating surface, in the absence of detailed 
drawings, difficult to ascertain. The paper contrasted Lloyd's new rule 
nnfavoarably with the Normal Indicated Horae-Power rale. He did 
not think, however, that the latter was at all adapted to the purpose 
which Lloyd's Committee had in view when framing their ml^ for 
the very obvious reason that the adoption of the Normal Indicated 
Horse-Power rule by Lloyd's would cause their fees to vary as V P> that 
is to say, should the boiler pi'essure in any given vessel be reduced, 
by old age or otherwise, from 150 lbs. to 100 lbs. — a fall from 5 to 
3-6 — the fee for snrvey would be reduced some 15 per cent. Would 
Mr. Weighton tell them in his reply how the heating surface was 
calculated ? How much of the ftimaces and combustion chambers, and 
if the front tube plate was included ? 

Mr. J. F. WALtiiKER said he should like to say a fen words in answer 
to the remarks of the Past- President and other speakers with regavd to 
the circulars issued by Lloyd's Register Committee on the nominal horse- 
power question. The first circuliir referred to was merely sent out to 
obtain the opinions of the engineering world as to its suitability, bnt 
for reasons anknown to him it was never embodied as ^lart of the society's 
rnles. With regard to the present formnla, which had been so adversely 
criticised, he would like to say that it was isaned as a nominal horse- 
power nile only, and if they looked at the circular on which it was 
published they wonld sec that it was merely intended to mark a uniform 
scale of fees for liiijle expansion engines built under the survey of the 
society's officers. He did not think that the pressure or the length of 
the stroke m^e moch difference in engines of this class, and this might 
easily be seen by comparing the results with \/ P eliminated. He was not 
behind the scenes when it was got out, but there it was, and he thought 
lie had fully described the reasons for its nse. Mr. Weighton's paper had 
been carefully thought out, and would certainly pave the way for the 
adoption of this rule, or a similar one, in the near future, and that the 
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poblication of this paper would be a great help to tfaat end. Although 
it had beeD alladed to, he thought, in thanking Mr. Weighcoa for his 
instractive paper, that the laboors of those who had bees aaaociated 
with him in the drawing np of the mle shookl not be forgocten. 

Mr. J. F. Walliker then moved, and 

Mr. H. Maooll seconded, that the discussion be adjoomed till the 
next meeting. 

This was agreed to. 
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Ik a previous (mper read before this loBtitiitiun thi; writer gave some 
results of calculations of longitudinal strains, but owing to the graat 
amouiib of calculations requisite lie was miable at the time to complete 
the paper as originally intended. 

Id the present paper he haa, as a continuution of the first, attempted 
a comparison between the principal types of cargo steamere; and for the 
purpose of making the comparison more complete, and the jmfier on the 
whole more interesting, the stabilitj, tonnage, etc., of each type haa been 
computed, and the reauUB recorded in a table of comparison. The main 
object in drawing this comparison is to illustrate, by means of diagrams 
and figures, in what respect one type is superior to another. To effect a 
fair comparison between ditfei-ent types of vessels three matters must be 
taken as constant, and in the present comparison the length, beam, and 
carrying capacity have been preferred. From the several sketches iind 
tables it will be seen that the three types chosen are the well-deck, three- 
deck, and spur-deck, as i-epresenting the principal classes of modi^m 
cargo steamers. 

It is not the writer's intention to advouat*.- any of these types; but, 
seeing that in papers read before this and other Institutions on similar 
subjects different views have been eipressod, he ventures to think that a 
comparison of this kind woold not be out of place. Each type will first 
be treated separately, and then the comparison will be drawn. 

Take first the well-deck steamer, whichis precisely similar to the vessel 
trciited in the previous [>aper, with a few tiltemtions as to the scantlings due 
to increases of the same made by Lloyd's in a vessel of identicjil dimensions 
built last year. In the table of comparison on page 228 will Ik found 
her princi)jal dimensions, Lloyd's nmnenils, displacement, etc., taken from 
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the actual veseeL The (lontkin of the centre of gravitj of the light ship 
was detennined from inclining experiments and cures of stabilitj calcn- 
hited. In Fig. 11, Plate XXXII., is shown the cmre of stability when 
loaded hooKigeneooslj — including 'tween deck — to Llojd^s freeboard, 
and displays a fair amoont and range of stability. In Figs. 5 and 6, 
Plates XXVI. and XXYII., are iUnstrated the yarions hedging and 
sagging strains when loaded homogeneooslyy and resting on waves of her 
own length. The height or depth of the waves is taken as 20 feet. 

When on a wave crest, and with bnnkers fnll, the vessel is nnder a 
hogging strain fore and aft, reaching its maximom near amidahips, 
prodocing a tensile stress on the bridge deck gunwale of 4^ tons per 
sqnare inch. While the coals in the bankers are gradually converted 
into smoke and ashes, and in their new form leave the vessel one way 
or the other, the hog^ng is steadily increasing. When the 840 tons 
of coal are burned out the hogging is about 25 per cent, greater. 

Again, when on a wave hoUow, the vessel is subject to sagging almost 
the whole length, except at the ends, where a slight hogging takes place. 
The strains when on a wave hollow are somewhat smaller than those 
when on a wave crest, and with bunkers fhll the maximum compressive 
stress on the bridge deck gunwale amounts to 4 tons, and with bunkers 
empty it is not more than 2 j tons per square inch. 

It is interesting to notice that as the coals are burnt the hogging 
is continually increased, while the sagging is decreased at a similar 
rate. The range between the maximum tensile and the maximum com- 
pressive stress, amounting to 8 J tons on the bridge deck plating and 6 J 
tons on the bottom plating, remains almost stationary, being only slightly 
less when the bunkers are empty. 

Proceeding next to the three-deck steamer, it will be seen that she is 
of the same length, l)eam, and carrying capacity as the well-deck steamer, 
hiiviug a poop, bridge, and topgallant forecastle — the usual erections 
nowadays. The freeboard and depth moulded were worked out to suit 
the above conditions and the increased light weight. Having the prin- 
cipal dimensions established, and using the well-decker as a guide, the 
tonnage, stability, etc., were calculated. 

On the amidships section, Fig. 2, Plate XXIV., it will be noticed that 
it was not necessary in any resjxjct to increase the scantlings above those 
of the well-deck vessel, as the increase in the depth did not lead to any 
increase of the grades. 

In the curve of stability, Fig. II, Plate XXXIl., of the three-deck 
steamer the erections have been omitted, as the ends, though closed with 
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biilkhouda, are not perfectly wiitur-tight. With ends not perl'ectly water- 
liglit ia iinderetuod, tliere being doors or openings in the bulkheads: but 
BE these doors or openings arc more in the centres of the bulkheads, there 
is no I'eaaon why the erections should not be fecogoised as adding to the 
stability — at leaet to soine cst£ut — uud the dotted line 6 in the diagram. 
Fig. 11, Plate XXSH., shows the increase in stability due to the erections, 
np to an i uclination of 42 degs., the water tlieu entering the alleyways of 
the bridge. 

The longitudinal strains in the case of the three-deck vessel are of 
exactly the same nature as those of the well-decker, but vary as to the 
extent. While the maximum hogging strains in the three-decker exceeds 
those of the well-decker by something like 18 per cent., the maximum 
sagging strains are somewhat less thau in the well-decker. This tendency 
to greater hogging and less sagging in the three-deck type is a natural 
consequence of removing weights from amidships and placing them at 
the ends, and ihat this is the case will he readily perceived by comparing 
the different types iis illustrated in Fig. 4, Plate XXV. The maximum 
range between the tensile and compressive strains in this case amount to 
8j tons on the upper deck plating, and TJ tons on the bottom plating 
when the bunkers are full, falling slightly below this when the buukere are 
empty. It will be noticed, when comjiaring the diagrams illustrated in 
Figs. ^ and 6, Plates XXVI. and XXVII., with those in Figs. 7 and 8, 
Plates XXVIII. and XXIX., that the respective maximum bending 
moments in tbe three-deck steamer take place ikS in the well-deck steamer 
near amidships but somewhat more forward. 

It will now be nece^ary to refer briefly to the spar-deck steamer and 
then to pass on to the comparison. A similar procedure was followed 
iu fixing her dimenBions, as in the case of the three-deck steamer, and 
in the table will he found that the length, beam, and carrying cajtacity 
are the same as iu the previous vessels. (Seu Plates XXX. aud XXXI.) 

As regards Lloyd's numerals the plating and equipment grades 
remained the same, while the frame grades became reduce<l below the 
others, affecting a sUgbt reduction in some of the scanthngs. The 
cur\*e of stability was calculated, and rolerring to Fig, 11, Plate XXXIl., 
it will be found that the maximum righting lever iu the ease of the apar- 
decker is conaiderably iai^er than in any of the other types, and is not 
attained before the vessel has heeled over to an angle of 46 degrees. 

The relative strains on the spar-deck structure are very similar in 
nature and extent to those of the three-deck type, and while slightly 
larger in some cases they are rather less in others. It is not necessai'y 
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in this paper to refer to the permanent strains on the vessels, a& they 
are not those which regulate the provision of strength, besides — as shown 
in the preceding paper — being very small. 

It may be well before proceeding to here point out that when in the 
three-deck steamer, as also in the spar-deck, the absolute maximum 
stresses on the structure take place near amidships, where the bending 
moment is greatest, the heaviest straining of the well-deck structure is 
felt immediately abaft the bridge in way of the raised quarter deck, 
notwithstanding the bending moment at that point is much smaller 
than amidships. The respective strains at this point are about 15 per 
cent, larger than amidships, but from hence the straining decreases 
very rapidly towards the after end; in fact, only a few feet abaft the 
break the strains are again less than amidships. This would be a blow, 
it may be said, at the well-decker as regards its longitudinal strength, 
compared with the other types if this was not guarded against by 
means of doubling the sheer-strake and overlapping the stringers at this 
point, and thus considerably reduce the straining. Moreover, to some 
extent this no doubt weak point of the structure may be strengthened 
by avoiding any butting of the shell in the vicinity of the break. 

It is now necessary to see how the different types stand when treated 
from a comparative point of view. As already stated, the length, 
beam, and carrying capacity are identical for each type, and the depths 
made to suit this condition. The sheer and coefficient of fineness are 
the same in each case. It will be seen fi'om the table that while 
Lloyd's numerals as regards plating and equipment run pretty close, 
the frame number is smaller for the three-deck type than the well- 
deck, and in the spar-deck it is considerably less, bringing her frame 
grades below the other two vessels. This would seemingly infer that 
the spar-decker is of less strength than the other vessels, but that 
this is hardly so is partly illustrated by this comparison, and will be 
further demonstrated. 

Taking the different items in the table of comparison smntim^ the 
next item is that of the tonnage of the three types, and it will be noticed 
that, while the three-deck vessel is of the least tonnage, the well-decker 
measures the largest. That the three-deck tonnage is smaller than 
that of the spar-deck is due to the after end of the bridge not being 
closed, and consequently only })art of it measured in the gross tonnage. 
But, even in the event of closing the bridge at both ends, the three- 
dock tonnage would still be considerably below that of the well-deck, 
althongh slightly above the spar-deck tonnage. But as regards cubic 
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capiiuity, the well-decker shows to an advaatiige, aad diriding the said 
Oipacitj by 40, the table showa that tlie three-decker Fiills very muuii 
short of the well-decker, the spar-decker ai)proai;hiiig her by about 109 
tons. lu the case of draught of water, the wull-dock type has a slight 
advautage, from a commercial point of view, over her two rivals. 

Next comes the questiou of freeboard of the three types, and the 
figures given in the table have been worked cat as near as possible 
from the present freeboard tables. The writer is not prepared to argue 
the question of freeboard iu the present paper, but will not pass over, 
without ii few remarks, so important a factor, affecting ns it docs the 
stability, and, ijerhapa more directly, the straining on the vessels. 

A.8 will be observed in Figs, 2 and 3, Plate XXIV., the main deck is 
taken as being of wood, and had steel been substituted an allowance in 
the ft-eeboard of 2^ to 3 inches would have been granted, and conse- 
quently the vessels could have beeu built that mach siiallower, still 
carrying the siime cargo, Tliis diminution in freeboard and depth 
would certainly have decreased the stability, and equally certain, 
inci-eased the principal or longitudinal strains on the vessels. 

Again, on comparing the surplus buoyancy possessed by the different 
types when loaded to the above freeboards, it will be seen that the 
well-decker heads the list with a considerable excess of spare buoyancy. 

It will be necessary here to state that while in the well-decker all the 
erections above the main deck have been considered buoyant, the poop 
and forecastle only are included in the spare buoyancy percentage of the 
three-deck veBsel, as the bridge has openings iu the after end. Tliat 
with this excess of spare buoyancy in the well-decker did not follow a 
corresponding excess in stability is manifest from the curves of stability in 
Fig. II, Plate XXXII, From the figui-es in the table, page 223, giving the 
light and dead-weights carried we gather that we are dealing with the fuller 
kind of cargo atearaere. As the well-decker was an actnally built vessel 
it was nut so very difficult to arrive at the probable light weights of the 
other typc!<, and that these weights woald be somewhat heavier in the 
three and apar-deck vessels is obvious. It might be said that the light 
weighta of the three-decker and spar-decker are rather small. But 
knowing there is no increase in the soantlings^in fact, in the apar- 
decker they are less in some cases — above the well-decker, and the 
equipments and outfits generally are very much the same as in the 
well-decker, the writer thinks the light weights as given in the tables 
are not very far out. This is perhaps the most eminent feiiture in 
the well-deck type, as it can be built for less money, and, as already 
mentioned, with less draught of water than the other types. 
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Ab ronards Ibe density of homogeneous cargo, tlie writer is of the 
opinion that a better sliip than thu Bpnr-deek tjpe could hardly bo 
designed, as her density, bcinf^ the medinni between the other two types, 
enables her to fill the holds with cargoes which would not iinuierse the 
three-decker to the same draught of water, while the well-decker in 
carrying the same cargo as the spar-decker wonid also carry a consider- 
able amonot of empty space, The disadvantage in either case is evident. 
Now, supposing the respective types were filled with suitable homogene- 
ous cargoes to immerse them to their assigned load dranghts, it \voiild be 
interesting to see what stnbility and height of platform they display. In 
Fig. 11, Plitte XX5II., ia iUiiatrated the curve of stability of each type when 
loaded homogeneonsly, and with bunkers full, and it will be seen that u|t 
U) 18 degs, the three-decker has a larger righting moment than even the 
Bpar-decker. This is due to the greater metacentric height in the three- 
decker than in the other two vessels. But from this point the spar- 
decker commenceB to gain stability more rupidly than the thrco-dccker, 
and befoit! her maximum righting lever is reached the three-decker has 
passed its angle of greatest stability, and is fast approaching the vanish- 
ing poiut. The well-decker, on the other hand, hiis not been so fast in 
gaining stability as the spar-decker, though she follows her pretty closely 
in range; in fact, while her angle of maximum stability is slightly behind 
the spar-decker, she supersedes her in the final range. Wlien the bunkere 
are empty the stability is slightly increased in each case. The writer 
will not dwell at any length upon the propci-ties of stability, though a 
complete investigation of this matter in vessels of the same dimensions 
bat different types would be highly instructive, and he believes wonld 
also furnish proofs of the three-decker not being so deficient in stability 
as ia generally assumed. 

There is no doubt that three-deck vessels are afloat with very little 
stability, and probably this want of righting power and ran^je of stability 
have been the cause of the loss of some of this class of steamers. But 
it will not do to condemn the type on this point before knowing the 
reasons why, and this want of stability could easily be traced to 
deficiency of beam in those throe- deckers. The present comparison is 
a snfliclent proof that a three-deck steamer can be built with a fair 
amount of stability if of reasonable proportions to suit tlic design. 

In again refcrringt« Fig. 11, Plate XXXII, and the curve of the 
thi'ee-decked steamer, and supposing the bridge water-tight at both ends 
and the dotted cnrve B continued, it would cross the lase lino first at fi7 
degs., and thus prove the three -dec kei', with the aid of her water-tight 
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erections (quite as waterproof as the well-decker), a virtually stabler 
vessel thac the well-deck. As to the height of platform which is 
coDsidered of such vital importauce, it CAtinot be denied the well- 
decker huB plenty of it, and no doubt makee her a very dry bridge in 
ordinaiy weather on which to cross the Atlantic when compared with the 
other types, this is partly illuRtrated in Figs, i and 12, Plate XXY., 
But how is the well getting along in rough weather ? Heel the thi-ee 
types over to an angle of 15 dega., when it will be noticed, in Fig. 13, 
Plate XXXII., the well is open to receive a few tons of water, while the 
decks in the other vesseb are still considerably above the water snrtace. 
But that the water that will eater the well during heavy rolling and 
pitching would not to any noticeable estetit tell on the stability or longi- 
tudinal strength of the vessel is obvious, seeing the well is only 2i feet 
long. As for the materia! forming the four sides of the well, it has to 
be Bufliciently strong to withstand the pressure of the water that does 
not escape through the ports, but rushes in all directions as the ship 
oBoillates. The most exposed part in the well is naturally the after end or 
bridge front, as the water shipped from over the bow or bulwarks would 
at once or finally, owing to the rise of sheer, rush aft, and therefore tiiis 
part of the structure requires special attention from the designer. 

Passing on to the origin of the paper or the strnctural strength of 
the vessels, the writer has stiiven to show from the detailed explanation 
of each type that the nature of the longitudinal bending momenta 
when moving amongst waves is very mnch the same for each vessel, 
while the intensity of stress produced differs to some extent. The 
strains given in the table are those on the bridge, upper and spar- 
deck plating respectively, and bottom plating, representing the stresses 
in tons per square inch, con'esponding to the maximum bending moments. 

From what has been stated in the earlier part of the paper, and 
with the aid of the fignres in the table, it must be admitted that 
the well-deck structure is not subject to quite so heavy straining when 
on the crest of a wave as the three or spar-deck structores. 

Again, when in the hollow of two waves there is little or no differ- 
ence as to the amount of stress npon the dilferent structiires. But as 
is well known n vessel would not bo at rest nnder these conditions, and 
the actual bending moments would probably be very different, both in 
nature and extent, to the estimated. 

But lor the matter of comparison the figures in the table, page 223 
will give an idea what the relative maximum strains would probably be if 
the vessels were for a moment in astateof equihbrium Iwfore moving from 
a crest to a hollow, and i-iff veii'ii. Before bringing this part of the 
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From what hai thai been reinariced, and knowiog that the 
twtwoen the maximum tenaional and the nuudmom ontpnarioaal Ttrafna 
are Ter; much the atune in the epar-deck and Ihree-dedc yeaaels, we m^ 
oonclnde that tlie spar-deck vesHel with bur thioner top sides, when biiiU 
in aooordanco with fo^aent nilea for scaDtlings and freeboard, compares 
bronimblf at regards longilodioal strength with ber sister ship the three- 
decker ; in fact, ii efjnulljr strung. Again, wtial is it that makes the well- 
deck atmctnre with lier light top side eiww to such ud advantage in 
resisting longitndinal bending bnt the height of the girder as we niaj 
term the stmctnre 't But, while comparing the longitudinal stiuins we 
must not loBC sight of the many other strains acting on a vessel in the 
transverse, slieariug, and Lwisting directions, not to mention the incieaae 
of straining on the upjxT stractnre as the vessel passea throngh a aeries 
of inclinations. To calculate and explain these complicated atraina 
requires a great deal of thoagbt and labour, and the writer is obliged 
to leave tbem for tlio present. 

The last items in the table arc the trims of tbc vessels when loaded 
homt^eneously. There is nothing remarkable about them except that, 
supposing the trims of the well-decker to be the aclual trims, the spar- 
decker exhibits less tendency for trimming by the head ihan the other 
types, notably the well-decker, 

Uaviug thus endeavoured to give a brief explanation of the variona 
diagrams and items engaged in preparing this comparison, the nriter can 
only add that a graphical representation of the reanlte will accompany tbe 
paper. (See Plate XXXIII.) In conclusion, be hopes, knowing the paper 
is tar from complete, that some valuable informntiou will be added during 
tbe diBcnssion. 
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TABLE OF COMPARISON. 



ParticuUurs. 


WeU-deek. 


Three-deok. 


SpAr-deok. 




DiMBNSIOKS— 


/ // 


/ // 


/ II 


1 
2 
3 

4 


Length between perpendiculars 

Beam extreme 

Depth moulded to main deck 

,. upper „ 


290 
88 
22 8^ 
29 0} 


290 
88 
18 
24 9 


290 
38 
20 
27 




Erections— 


/ H 


/ « 


/ II 




A cxjp ■•• ••• ••• ••• ••• 

Quarterdeck 

iSnclge ... ... ... • • • • • • 

Forecastle ... 


28 10 

88 

118 

81 2 


28 10 
None. 
54 
81 2 


None. 
None. 
20 
None. 




Lloyd's Numbbals — 








5 
6 
7 

8 
9 


Frame number 

PUting „ 

Equipment number 

Beams in length 

Depth in length 

TONHAOB— 


79' 2" 

22,822 

25,437 

7-62 

12-51 


77' 1" 

22,224 

25,424 

7*62 

11-8 


74' r 

21,600 

25,540 

7*62 

18-84 


10 
11 
12 


Gross Register 

^ e u * f, ... ... •«• .•* 

At 40 cubic feet 

DiSPLACBMEKT, CaBBTIKO CAFAOITT, BTO. — 


2,296 
1,494 
3,969 


2,180 
1,381 
3,629 


2,144 
1,890 
3360 


18 
14 
15 
16 
17 
18 
19 


Load draught above keel 

Displacement 

Freeboard (top of iron deck) 

Spare buoyancy 

Lightweight 

Cargo and bun kcrs 

Density of homg. cargo filling all avul- 
able space 

Stability Loaded Homo, and Bunkbbs 
Full — 


20' 4" 
4,956 
2' 0" 

84*1196 
1376 
3,580 

49 cub. ft. 


20' 8" 
5,045 
4' li" 

27-64 96 
1,466 
8,580 

44-81 c. ft. 


20' 7r 

5,035 

6' 5" 

80-88 96 

1,455 

8380 

47-65 c. ft. 


20 
21 
22 
23 


Maximum stability at 

„ righting lever 

Vanishing stability at 

Metacentric height 


46° 

8^ ins. 

7ir 

5 ins. 


34^° 

7i ins. 

56f° 

13^ ins. 


46" 
12iin8. 

71° 
10 ins. 
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TABLE OF COMPARISON.—CONTINUED. 



Particulars. 



24 
25 
26 

27 



28 
29 
80 

31 



82 
88 
34 

85 



36 
87 
38 

39 



40 



Strains — 

On a Wave CretU with Bunkers full^ 

Nature of Rtrain 

Maxininm bending moment 

,, tensile strain 

.» compress strain 
Dx L 

M 

On a Wave Crest, mth Bunkers empty — 

Nature of strain... 
Maximum bending moment 

„ tensile strain 

„ compreiis strain 

Dx L 

M 

On a Wave Hollow, with Bunkers fkll — 

Nature of strain 

Maximum bending moment 

„ tensile str^n 

„ compress strain 

Dx L 

M 

On a Wace Hollow, with Bunkers empty — 

Nature of Ktmin 

Maximum bending moment 

,, tensile strain 

„ compress strain 
Dx L 

~""* ••■ ■•• ••• ••• ■•• 

Sectional Area Amidships 



Well-<1eck. 



Hogging. 
38.210 
4-22 
318 

37-6 



Hogging. 
48,120 
5*31 
40 



Three-deek. 



41 ! Nbttral Axis below Half Depth 

I 

I 

Moment of Resistance— 



42 I 

43 ! 



44 
45 



At gunwale plating 
At bottom plating 

Trim— 

Loaded homogeneously with bunkers full 



>> 



>j 



>» 



empty 



27-81 



Sagging. 
86,160 
30 
40 

39-73 



Sagging. 
24,000 
2-0 
2-65 

55*75 



1,300 sq. in. 
2' Oj" 



9,048 
12,030 



7i" fore. 
lOi" 



Hogging. 
40.800 
5-03 
4-27 

35-85 



Hogging. 
48.600 
60 
5-1 



M 



28-07 



Sagging. 
80210 
317 
3-72 

48-44 



Sagging. 
18.950 
2-0 
2-34 

72 



1.266 8(1. in 
r Oi" 



8,106 
9,520 



ir fore. 

4" „ 



8par<ledr. 



Hogging. 
44,030 
5*81 
4-32 

83-16 



Hogging. 
51«200 
618 
6-02 

26-6 



Sagging. 
28,670 
2-81 
8-46 

50-93 



Sagging. 
20,010 
2-0 
2-41 

68 



1,262 stf. in. 
1' 4|' 



t" 



8,280 
10,193 



On an even 

keel. 

2i" fore. 



tn£fih/o fA 



Vot.vii^^rB xxiy. 



Fig. 5 . 
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PROCEEDINGS. 225 



NORTH-EAST COAST IXSTITDTION OF ENGINEERS 

AND SHIPBUILDERS. 



Sixth Session, 1889-90. 



PROCEEDINGS. 



EIGHTH GENERAL MEETING OP THE SESSION, HELD IN THE 
ATHEN/EUM, CHURCH STREET, WEST HARTLEPOOL, ON 
SATURDAY EVENING, APRIL 12th, 1890. 



WM. GRAY, Esq., J.P., Vice-Pbesident, in the Chair. 



The Secretary read the minutes of the preceding General Meeting, 
held in Newcastle, on March 24th, which were approved by the members 
present and signed by the Vice-President. ^ 

The ballot for new members having been taken, the Vice-President 
appointed Messrs. A. Taylor and G. W. Si vewright to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Courtier- Duttou, W. T., Lloyd's Register of Shipping, 3. St. NicholosV Buildings, 

Ne wcastle-on-Ty ne. 
Keydell, Amandus Edmund, Lloyd's Register of Shipping, Dundee. 
Sheriff, Thomas, Messrs. Robert Mackill & Co., Glasgow. 

The Vice-President said the Secretary had received a telegram 
from the President, at Folkestone, as follows : — " Express to chairman 
of meeting my extreme regret at not being with you. Detention un- 
avoidable and unexpected. Hope you will have an interesting meeting. 
Just crossed the Channel," He might also express the regret of Mr. 
Mudd at not being present, he having been taken with a slight illness 
that morning. He (the Vice-President) welcomed their friends from 
Newcastle and Sunderland on this occasion. 
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XOMBAITOanL 

The YiCB-PBBiinn Mid, in mrmU M mer mkh Jlitide X. €ff dw Oon- 

Mr. P. Clbrdnn; Ti«-IVaideato-«ir B. C. Brone, Kchs. J. P. 
HiD aod H. P. Swan ; CoancOmen— ^KnBS. W. J. Bone, H. CImriloii, 
W. Kihiiigton, Jima Burfhraii, and P. Wattt; Hon. Tknmcr— lir. 
B. G. \idioL 

He had great pleanre in nominarinfe on hdnlf of the OooncO (ne 
Bje-Lnw 11), the foDovii^ gmtlrmcn to be haDotod for to fill 19 the 
TacancieB:— Prefldent — ^Kr. WigfaamBidbardacMi; Yioe-PlraBdenta (three 
to be decied)— Venn. Aithnr Coote. C. W. Hntdunaon. J. H. Inrin, 
W. ClriDgtoD, and P. Watte ; Ccondlmen (fire to be dectad>— Mesn. 
H. Fownes, C. Parneii, UaxweD HilL Johan Johnaon, 6. E. Mmaahhj, 
J. F. WaDiker, and T. Weetgaith ; Hon. Treasurer— Kr. B. 6. Kidiol. 

Tbe Sbceetabt (Hr. Dnddtt) intimated that it ma open to the 
m em b eta to make any further nominationa. None were added. 



The diflcoBsion on Mr. S. L. Weigfaton's paper on the " Normal 
Indicated Horse-Power of Marine En^nes and Boilen *' was resumed. 

This was followed by a diacnssBOP on Mr. G. BergBtr5m*s paper '' On 
the Stractnral Strength of Cargo Steamers of different Types."' 

Mr. W. Boyd then read a paper on the " Weight of Machinery in 
the Mercantile ^larine." 



DISCUSSION — MARINE ENGINES J 



PXJRNED DISCUSSION ON MR. E. h. WEIG ETON'S PAPER 
THE "NORMAL INDICATED HORSE-POWER OF 
iEINE ENGINES AND BOILERS. 

Vice-President said that at a previous meeting Mr. Weightou 
iad read a paper on " The Institution's Rule for the Normal Indicated 
Horse-Power of Marine Engines and Boilers," and the first real itnsinisB 
OQ this occasion wonld lie to conLinne the discussion on Mr. Wei^bton's 
paper. He would ask Mr. FothergiJl to open the discusBion. 

Mr. FoTHEEQiLL Eaid, in response to the invitation to open the dis- 
CQsaion, he felt In a. somewhat embarrassed position, bccanse to a very 
lai^e extent he agreed with the author of the paper, and when such was 
the case it was somewhat difficult to criticise. The N.I.H.P. rule pro- 
posed was the outcome of a very able Committee, especially appointed by 
the Council to investigate the whole question, and this fact made him 
feel some hesitation in what he proposed to say. The first point was: Is 
there any necessity for snch a rule at present ? He did not think there 
was much argument required on that point. They all admitted the old 
N.H.P. rule was not only usek'ss but misleading, and thus it became 
neceasarj to do Bomething, and be thought the Committee acted very 
wisely in retaining " horses' power" as the measurement of comparison. 
It was not the rule he objected to so much as the views expressed by the 
author relative to its supposed tuIuc to the shipowner as a measure of 
the efficiency of the machinery. On page 175 the author said: — 
"This rule will prove of great value not only to shipowners, under- 
writere, and non-technical men generally, but also iu the practice of 
marine engineera." He (Mr. Fothcrgill) might say at once, as to its 
value to engine builders he did not j)ropose to make any observation, he 
thought there were engine builders present who would speak to that part 
of the question. As to undenniters, he was of the opinion the rule 
would be of the greatest value as a means of comparative value for insur- 
ance purposes, and similarly for elasaification in Lloyd's Register, and in 
the same sense to shipowners. If the author had stopped here, he would 
have fully agreed with him ; but be did not, for on p^e 17(i he proceeds 
as follows: — " Marine machiuery may t>e said to have two kinds of value: 
(1) value to the owner, and (2) cost to the builder," and, a little lower 
down this was further emphasised by the following statement : — " It is 
obvious that the ultimate and only real value or icoifJt of any machine is 
ita valne or worth to its owner oi user." He (Mr. FothergillJ fully 



II ita v alne or wo 

L 



228 DISCUSSION— NORMAL INDICATED HORSE-POWER 

agreed with those views, and thought bj making a slight addition to 
factor 1, page 179, the author could not have better defined the ship- 
owner requirement. He proposed to write factor 1 thufi: — 

" The mrgo carried (or dead-weight) and the speed at winch it is 
carriedy'' which involved:— 
" {a) I.H.P." 

*' (Jb) General efficiency of mechanism and propeller." 
(c) Coah consumed. 

Here you clearly have the value of the machinery to the shipowner ; 
but the rule did not give you this, for he failed to see how the rule t(X)k 
into consideration "efficiency of propeller," and he strongly held the 
** only real value or worth of the machinery to the user" (namely, the 
shipowner), as laid down by the author, was its propulsive efficiency, that 
is, the value of the machinery to propel the ship. They all knew they 
could get engines from different makers which by the rule would be 
equal, but in application they would get a material diflference in propel- 
ling efficiency, and thus he failed to see the value of the rule to the ship- 
owner in the sense the author expressed it. The author justly disagreed 
with Lloyd's in not including boiler pressure in the rule they had issued, 
and he fully agreed with the author that any rule to be of value must 
include boiler pressure ; and, on the same argument, he held any rule to 
be of real value or worth to the shipowner must give some measure of 
the propelling efficiency and consumption. Why had the author so dis- 
tinctly included in. factor 1, page 179, "efficiency of propeller" as of 
primary value, if he did not so consider it in the rule? His (Mr. 
Fothergill's) object was not to condemn the rule, for he thought they 
had made a very great advance over the old system. His criticism was 
directed to show the rule had its value, which he thoroughly appreciated, 
but he thought it a great mistake to let it go forth to the non-technical 
shipowner that this rule would give him a full measure of any marine 
engine he proposed to purchase. 

To Lloyd's the rule was of great value, for it increased the N.H.P. as 
compared with the old rules, and thus increased their fees. A very great 
deal might be said in reference to piston speed, not only in relation to the 
speed of the piston itself, but in relation to the number of revolutions as 
affecting the value to the shiix)\vuer. Of what value was it to a ship- 
owner as a measure of eiliciency to apply the rule based on a certain 
number of revolutions to engines placed before him by different builders, 
when as a matter of fact there might be some eight or ten revolutions 
different between the engines submitted, although in other respects the 
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mgincs might be nlike? To ensnre tlie engines the rule would certainly 
be of value. Recognising the rule had ite value, and that any rule to b6 
of Taluc must tiikc into consideration piston speed, he considei'ed it was 
desirable to take the V^ and not vB, and he thought this was clearly 
shown by Diagram No. 2, Plate XIX., in which they would obaen'e the 
revolutions with l/S are lower with long strokes and higher with Bhort 
strokes than in tiie case of ^/S. 

Assuming the boiler to be of normal dimensioDS, he fully agreed with 
the author, heating surface was the bent measure of its efficiency. In 
ooncluaion, he congratalated the author on his very able paper, and if he 
had not Iteen able to agree with him entirely, jet he was hound to say he 
considered the rule of value. 

Mr. W. HdK said he had reason to believe that the tirao allotted 
to the further discussion of this paper was limited, and he would there- 
fore eudeavonr not to waste more time than he could possibly help. 
He believed that this formnia might possibly represent value of 
machinery [xisscssing that particular amount of durabililj asKuracd in 
the paper, "if" machinery could not possess that durability unless it 
worked under the assumed conditions of piston speed and relation 
between piston speed and stroke, and "if" machinery of equal power 
couid not be of equal value without equal durability. However, if they 
accepted the nt^sumptions made in Ihe pa)ier that the durahihty of 
engines depended on wear and tear— wear and tear on piston speed — and 
generally guided tliem by the whole tenor of the paper, they must inevit- 
ably conclude that ihe smaller the piston speed was the greater was the 
durability, and the greater was the value. Mr. Weighton had compared 
two engines of cfjual power, one running 500 feet per minut«, and the 
other 630 feet per minute, and found that their comparative values 
were aa 1,230 and 1)80. This being so, he had obviously assumed that 
value varied inversely as piston speed. Therefore, they had a right to 
conclude, if they introduced another engine of the same power, but run- 
ning only 398 feet per minute, that the valne of that engine was 1,54-t. 
But let them merely assume that value was only adversely affected by 
piston speed, but to an undetermined degree. All the same it inevilably 
followed that the sluxrer an engine runs the higher was its value, and 
the quicker it runs the smaller was its value. Why then did the ship- 
owner not go iu for less piston speed than used at the present time, 
instead of always striving towards increasing it f Why was the general 
tendency towards increasing piston spfed. when thereby the value of 
engines was decreased i Simply because the valne of euffines was 
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not affected by piston speed only. Tliere were other consideration? 
utmost importance, aucli aa weight, for ioBtance, wtiich counterbalanced 
_ the 80 imich dreaded eiTect of the increase of piston sjiecd, and, conse- 
quently, minimised, and in some citseB, nullified its influence. It might 
be said that it was so in the Navy, but this counter-effect of weight was 
hIbo known in the mercantile marine, was oocasioually appreciated and 
made use of by shipowners, and would undoubtedly be more so when 
competition amongst them increased in severity. It was to he noticed that 
in Table A, page 195, weight appeared in thedenominatur, as it should, but 
it disappeared during tlie process of transformation in a most unaccount- 
hhle manner, the reason of whiuh would l)c very interesting to know. 
The Committee had made pvoviaions for equal durability of engines, but 
had they also provided for equal durability of boilers ? Was the dtira- 
bility the same for a boiler of 25D lbs. pressure as one of SO lbs. ? If 
not, he would suggest that, as fur aa value went, the boiler element be 
sepiratcd from the engine element, ns there was really no connection 
between their I'esjjcctive laws of dnrability. It would, furthermore, 
facilitate the solution of the value of machinery when engines happened 
to be running at different s]jeeds to those proposed by the Committee. 
It was most extiwirdiuary that the weigiit of boilers of equal heating 
surface should vary as ^/ i* when most of the heavier parts, such as the 
shell and furnaces, etc., varied as the pressure itself, and the ends and 
flat plates as the square root of tlie pressure. If they also took iDto 
consideration that the water might be practically taken as independent 
of pressure, he did not understand how an expression composed of terms 
such as P, \/P, and constant could possibly vary as VP- As n^arded 
the weight of engines, he was equally in doubt. The formula implied 
that by doubling the stroke the weight was only increased 2G per cent,, 
and by using flve times higher pressure, only 71 per cent. He would 
be obliged if Mr, Weighton would further elucidate these two pointo. 
He could not see his way to believing that this formula, even if it was 
proportional to weight, conld be proportional to cost. This formula, 
when it stood for iveight, included the water in engines and boilers, 
which it should, of course, not do when it represented cost, for the 
simple reason that the ratio of water to total weight was considerable in 
low pressure, and relatively much smaller in high pressure machinery, 
the weight of water being in no eonntant ratio at all to the total weight. 
In fact, in boilers of 50 Ihs, ptessuie tht weight of Bator was aiwiit equal 
to the weight of the entire boilei 'ihcse Here his principal reasons fornot 
accepting the wide range of application assigned to this formata. 
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Supposing now that his views of the nnBaitability of this rormula repre- 
senting valne were correct, would not the piston Bpecd varying aa v* S" be 
an improvemont, aa ^/s woiikl not haodioap the piston speed of larg;c 
engines to the extent that VS dues ? Wonld the formuk not give at 
the same time a truer approxiinatinn to weight and cost ? But assuming 
that the formula really represented value, and as such equal durability was 
required, would it not Ibeu be iifcessary to also vary the piston speed 
inversely as some function of the pressure due to the probably more rapid 
increase in the weight of the reciprocating parts for higher presaaifs, 
that at the rate of VP ? Further, be must ask, in consequence of the 
expression for the relation between tbe heating surface and the size of 
the engine being independent of pressure, was a constant efficiency of 
the boiler really provided for, when no regard was taken of the different 
conducting power of the beating surface in low and high pressure boilers? 
Sbould not the amount of heating surface increase to some extent with 
increase of pressure in order to ensure constant efficiency ? If he was 
wrong, no harm ivaa done ; if, on the other hand, he was right in his 
concIuBions, he begged the members not to adopt this formula before it 
was modified and improved, and before its range of application was 
clearly defined, if it was their wish to secure a formula of lasting value. 

Mr. J. E. Stoddart said they were all very much indebted to Mr, 
Weit^hton for the care he had taken in his paper, which explained tbe 
horse-power rule of the Nortb-Eiiat Coast Institution of Engineers and 
Shipbuilders. He had not the privilege of hearing the paper read, and 
only had a very s!)ort time to look through it, but there was one point 
to which he should like to draw their attention. It was the real need for 
a rule of some value in tbe place of the obsolete N.II.P. It seemed to 
him that a rule giving the Normal I.H.P. was net required, but was likely 
to lead to complications between the engine inanutUcturcr and the ship- 
owner. I.H.P. should, in bis opinion, be ascertained by the usual method 
of taking diagrams, otherwise tbe freedom of engine manufacturers would 
bo much interfered with. He would suggest that tbe new rule he 

designated Normal H.P., and the formula {1^!V_A^_1^1A^ be 

divided by G or some divisor to be decided by the majority of engine 
makers. Such a rule would enable shipowners and others concerned to 
make a trustworthy comparison of the various engines and boilers l)eing 
constructed without leading to the disappointment which would be felt if 
the I.H.P, on the trial trip did not approach the Normal LH.P. given 
when the engines were contracted for. Then again, the Normal R.p, 
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' com pi j cations vliid 
f U.P., Xominai H.P., A'prnwr/ I.HJ. 
Be tbonght Uk CooDoil shoald take th« maUer UM 
I. ud gite dim a nJe fw borse-powcr likely to be owtt 
I io icgiKcnitg TOKh. U I»d been said that IJujd's new role for 
Btbehflrae-povtt had been denaed with Ihp object of obtaining 
lai:g«r fees bgm tbe ihipcnnicre i bat it was nul so, for he had jusl vuitoA 
«nt tl» pover of a «K of et^oes which wcrc called 300 N.H.P. by lb? 
■akan. and whidi wen Kgiaumd 450 H.P. on the .i?d rule, bnt under 
Um wv rale of tbe Cooimiuee of Uoyd'i Register ibe hoiwe-power iroold 
be M9 or 101 batat-[M>weT len thaa what woald hare heon cbafved lor 
■ader tbe oU rule. 

Mr. FoTHKBGttx aaid be refenvd to the fees of (he old role m 
iwinal boree-pover. Tixj ooald register the engines at Llojd's lo bst 
aaotmt ihcv liked if thejr would only pay. 

Mr. E. HuXtBbowx thoogbt they moGt all admire the ingeuoity dii- 
plajcd fay tbdr Coniaittee id fonaolating this rale, and by Mr. Wewhu* 
is the paper which had b«o frfaoed before them. He was sore it affofded 
(htn all a good dtal of thinking matter, if il had afiurded them nothing 
dM. He thoogbt tbey mii» all be lost in wonder to fiod they hod such 
a pndigy ia this role. They found that k was not only a rule for "'mat 
the tt&rmtal indicated horse-power ; bat, also, a correct indication of mt 
to ibe naker, and of vaiiu \a the shi^iotruer, and finally, when divided 
by six, it aerrcd as ao excellent substitute for their old friend nomimi 
hent-f»tetr\ allt^ther, a handy inslrament to bare. He wa^ not unite 
sore, bowvver. Uiat he agreed that the rule fiil6tled all the nses claimed 
fiw it. For instance, tAkiug first of ull what was called the chief aim of 
this rule, viz., to give the shipowner a means of ineasaring Uie value of 
the engine, lie was afruid the value of the engine to the shipoirner waa 
a difficult matter to find, They were told in the paper that it conld 
not be givTn in poaoda, killings, and pence, and with this he agreed. 
nc prwnmed Mr, Woighton wuiild agree that the smallest engine which 
wonid prfi|>el k oortain riiip «ilh maximmu of economy would be the 
most valoaWe Mipiof lo the owner of thai aliip. If that was the case he 
did not think this role gave ibem ihe value of the engine to the ship- 
owwi-. for in«*nce, l»kii^ the tuo engiut* Mr. Weighton guve. Tue 
one had a «irai\ premiire of S8 Ibfc al SO revolutions; the other a mean 
*o( W* tfirti tttf sanw i^x*d oi" rotaiion for tbe same indicated 
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torse-power; and of coiirae, the larger engiue gave the greater Dormal 
indicated horse-power b; the rule, atid should therefore be the moat 
valuable to the shipowner. He believed the very opposite would be 
fonnd to be the case in practice. It was very probable that the 
amaller engine, iudi eating the so me power, would bo quite as 
economical as the larger engiue, perhaps more so. The only basis of 
economy taken into account in the rule was that duo to the expansion 
of steam. Now, there was a point beyond which espansion of steam 
cottld only be carried at a sacrifice of economy, and that was not taken 
into account, [f it were argued that no rule could take account of that 
fact, then no mle could be a measure of value to the sliipowner, 
whatever else it might be. Again, they found that the piston speed 
was intended to vary ae the cube root to the stroke. There was 
no doubt whatever that this ratio was one that had peculiar qualities. 
One advantage was that the pressure rec|nired to accelerate the 
reciprocating masses at the end of the stroke was a constant quantity; 
but for engines used for screw propulsion the revolutions ought to be 
decided by the screw, and not by the engine. This was an old story of 
his, and perhaps not generally accepted, but he maintained it as a fact 
that there must be a speed of revolution of screw, corresponding to 
maximum efficiency, and as that was not taken into account in the rule 
given, in that respect also it foiled to indicate value to the shipowner. 
It might give the value, comparatively, of engines for electric lighting 
and driving pnrposes, in which the power was not transmitted by a screw 
propeller or kindred mechanism. He found there was a slight discrepancy 
in Diagram No. 3, Plate XX., probably it was merely a slip, but he would 
like it to be put right. In Diagram No. S the piston speed was suid to be 
proportionate to the ordinates of the curve ; that gave a piston speed of 
nothing to the stroke of 12 inches, and inertia was given as nothing at the 
same stroke. To come next to the weight diagram, Plate XXII,, he 
must Bay that he had derived a great deal of pleasure from that. He 
thought it was rually remarkable how the weights of these engines had 
arranged thcinselvcs along these diagonal lines. He had tried several 
engines and found they did arrange themselves along the lines, and he 
believed the correspondence had a sound basis. At the same time be found 
a great difficulty as to what was inclnded in the weight of the engines ; 
for instance, what was the normal length of shafting ? Was there any? 
Or was the shaftiug left entirely out of the question ? Again, the weight 
of the boilers and water was a large item. For the same healing surface 





kivB MCbi; dtt priR itf ■HhU «gnei pnfc^ MMkndi of tte Mri 
W, «■< wvibmmtUf 111 Ifci rf . 0» • vd ci^ne lUi aij^ be 
ivnnd. l tu t ft > M he tmd cwt at ihe feJM wwM m* he pwyr- 
tioari to lb* sffiHf iiJiniri Im»«) - | i u w u , cr is oihtr vwds to tfae 
*it|^ aad nrilW eooU tht aOiag fma. It «h not even iMilr ml 
As in «tanpk, h* wmU take tW aow frtiw pnen Hr. WeiglMfla ^ 
gifoi in Hm paper. B« pve Umd Uk hgprtmpaem £100, tbe ^hObt 
£»it. He (ilf. HaO-BfDwn) had takoi Ifae tronUe to ottmlc CIib 
ntfttAn nhm of Umw eitgiaei, utd conttdeccd the pnoes vonld be 
IBM* mh]; £100 and £98, ■ difference o( 9 per cenc^ which woold 
be mher a big error in ui eatiniate. He tixM^t npoa the whole the; 
migjA take the rule at a nuaiui of aniTing at the normal mduafrd AorM>- 
pawtr of Mtgioes niider the conditiotu specified. Abo, bj Beporating 
the engiDCi from the boilm, the rule tonovd a good baaia for calcnlatiDg 
wcigbl; but he certainly tbooght it waa no indication of the rahie of 
tfae engine to the aliipowner, of the coat to the builder, or of the price 
to the faojer. 

Ur. A. Lrckik laid be hud no JDlcnlion of njalriiig any remarks upon 
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the pnper when he cnme into the room, but there were one or two things 
in the argument which he thought worth taking notice of. There 
was one point spoken of — the increase of speed during the last few 
years. Now, up to this time he did not think the speed at which marine 
engines were driven was higher than used by Messrs. Caird & Co, when 
he was there twenty years ago. Indeed, an increase of 25 per cent, to SO 
per cent, speed to work economically was made forty to forty-five years 
ago when Wm. McSaught, of Manchester and Glasgow, inventor of the 
Bteam indicator, introduced an increase of speed in land engines. In 
page 188, Mr. Weighton said that "when engines are driven heyond 
a certain speed of revolution they invariably develop a tendency to vibra- 
tion." He (Mr. Leckie) thought that not necesaarily so, provided that 
every vibrating part was properly balanced. Ho held that marine 
engines, as at present constructed, were not properly balanced, and that 
was very well shown in the paper that Mr. Hall-Brown read to the 
Institution about two months ago on his qnick running engines. If they 
balanced the different oscillating or revolving parts of the engine they 
might ran the engines of cargo steamers at a much higher speed, even to 
double the present speed, without causing any vibration ; this he had tested 
upon engines of centiifugal pumps, of Gwyniie and other makera, by weights 
on the cranks. With these balanced pumps he had driven tbem up to 
1,200 revolntions on salvage work without any difficulty. Another point 
in the paper required consideration. Boilermakers gave out that heating 
surface was the proper data to take as the gange of their power. He 
had noticed in eiamining damage to furnaces of marine boilers, from 
time to time, chat when the heating surface was large, as compared with 
the capacity, accidents were more Iteqiient, The heating snrfaoe therefore 
alone was not the proper measure, bnt required capacity as well as surface 
to allow the wat«r and steam qnietly to rise up between the tubes, vrithont 
which the heating surface became a source of danger, causing what the late 
Mr , Smith, of Messrs. Thomas Richardson & Son's, called very properly, 
" swpendtd ebullilioii," the whole of the water rising up off the surface of 
the plates in the spheroidal Btat« and causing damage to the furnace piatea. 
He therefore thonght it was necessary, in calculating the horse-power of 
the boiler, to take capacity and heating surface combined to get the truth. 
With the engines themselves, taking the cube root of the stroke, was 
very well for the merchants, but he did not think it was right for the 
mana&ctnrer, because the one would give a larger contributory than the 
other. 
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Mr. Weiquton, in reply to t)io diBcossion, sud h« had lo go i 
to the previoua meeting at wbicit there were sevcml speaken on th 
paper. First of itll, with reference to wliat Mr. Bojrd said as to the nek 
of the Committee, it vus pcHispe well that he f Ur.Weight«n>dioald eipRS 
what he knew of this matb^'r, and il was chieSj this, that so far wut 
credit accrued to anj particular member of ihat C-oramittee more tfaao ta 
any otiier it ought to be lo Mr. Boyd himself, and for this rekaon, that lit 
very inception uf the idea of framing a new rale was dae to )Ir. Baji, 
who in hia second year's presidential address tbrev out the soggtedoB. 
And not only did he sQggesl it, bnt lie stuck to it all through, and then 
was UD doubt Dutt had it not been for Mr. Boyd's exertions and gaidance 
Ihe (iU(«tion would never bare been brought so far forward w it hd 
bc«a. 

The extreme difUcalty of the subject was well recognised by tbt 
Committee from the beginning, and while it was of course clear that t» 
mlp could be produced which would please everybody, some of the 
members had very grave doubts even as to the mathemaLJoal possiUlity 
of formnlaUng a rule which would have any pretence to a sonnd scaeDLt&c 
bsHM' Sudi having been the state of the question at the bp^innin^; be 
thongbt the Instiiuiion was largely indebted to Mr. Boyd for pnshiiijf 
forward the matter to the issue it hod new reached. 

Mr. Boyd had told them he nsed the rule with success in his own 
oAoe Kv ntimatiug purposes. Well, he (Mr. WeigLton) might say be 
did tin nmo id the establishment with which he waa coDDected. 
WIkIW it WM an eatimatc for an ordinary merchant vessel or for a war 
TMhI b> ianriftblf made nae of the rule as a check or otherwise, W^ 
tmmi k ft TWT nnfiil and a feirly reliable guide. Of course it idfjfl 
W VmA. Uk« all fcmanX ralee, with care and discriminatiou. fl| 

Il WM TW7 iemU^bs to hear Sir. Patterson's independent testimony 
M )v> riw x«h»« <rf iIm mlft. He was especially obliged to Mr. Patterson. 
Vmnw W Wl Munnred most admirably certain objections raised by 
Mv. I^vc tM a |<k(wr on the subject n»d before the Institution of £u- 
^WhW*. MOil StU)«baUden in Scotland last year. The allegation tliat the 
TC^ «\>«M iM<K4y|« K certain class of engine was particularly well dealt 
%«k.VMt,PMMnou. 

WAk Mfptrd lo the fiuAor *y p it was interesting to hear that by a 
tkltM WririMiM ui tfao UBomed terminal and back pressures, Hr. 
ymjfi.-n (bWUtd H to represent the mean pressure even more closely 
^k« ««* vklMMd for it ID the paper. 
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In reply to Mr. Sandieou he hod to eaj that he took the heatiiig 
surface to include the furnaces iind combustion boxes above the levul of 
the fire bars and bridges, the hack tube plates and the tubes, but not the 
front tube plates. Of course it did not much matter whether the front 
tnVe plates were inuluded or not. So long as they were either always 
included or always omitted, the justness of the comparison of different 
boilers would not be aflected. He had, however, in alt his calculations 
omitted the front tube plates, but if the rule were lo be geuerully used 
the heating surface would of course require to be strictly defined, 

Mr. Walliker liiid spoken of the rule from the point of view of 
Lloyd's. There did not appear to be mnch to be said from this point of 
view with any profit. It rf/rf seem, however, an extraordinary thing 
that a body such as liloyd's, having technical and scientiGc advisers, 
should issue a rule dealing with steam machinery, which rule look no 
cognisance of steam pressure. 

He had now to deal with the speakers of that night and, paren- 
thetically, he would just like to say that he felt very glad that the 
discnssion had been adjourned from last meeting, because some of the 
Bpeakers of that night had raised queations which gave him a further 
opportunity of explaining misapprehenaiona which evidently existed in 
some minds as to the meaning of some parts of the paper. At the same 
lime he must confess he van Hurpri»ed at the way in which he had been 
misnnderatond. He had thought he had specially guarded against such, 
and had in fact repeated himself on several points till the paper grew 
to such an inordinate length that be bad to abridge other points. 
However, he wonld now endeavonr to make sure that the scope of 
the rule on the points raised should not he further misunderstood. 

First, with regard to his friend Mr. Fothei^'ll. He was pleased that 
Mr. Fothergill agreed generally with the spirit of the mle. When he 
cume, however, to speak of coal consnraption and propeller efficiency ho 
showed a strange no n -acquaintance with the essentials of the paper. So 
much was this the case that he (Mr. Weighton) feared the great 
length of the paper bad been responsible for some parts having been 
overlooked. 

Mr. Fothergill proposed to make an addition to factor 1, page 179, 
in the ahajie of coals consumed. He seemed to be under the impression 
that the coals had been omitted. He would find them in their proper 
place, in factor 4, paee 160, and also in Table A, page 195. Next, aa to 
the efficiency of the propeller, which was the chief point raised by Mr. 
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FothergiU. He asked, *' Whj had the aathor so distinctly included in 
facU)T 1 efficiency of propeller as of primary Talne if he did not so con- 
sider it in the mle ? ^ The answer to that question was, becaose it was 
impossible to indnde it in any mle, as was distinctly stated more than 
once in the paper. And even though it were possible to include the 
propeller efficiency, he did not think it would have been wise to do so, 
because the question of engine tear and wear would have been thereby 
necessarily ignored The revolutions corresponding to the maximum 
efficiency of the propeller might be so high as to entail an enormous 
amount of wear and tear on the engines, or they might on the other 
hand be so low as to prevent the engines giving out the amount of power 
their length of stroke warranted them giving. But in addition to all 
this it must be borne in mind that propeller efficiency was by no means 
measured by number of revolutions alone. The lines of the vessel, her 
speed, the diameter, pitch, and surface of the propeller as well as the 
shape of the blades all entered into the question of propeller efficiency, 
and of course it was hopeless to think of including all these elements in 
a rule. 

Mr. FothergiU went on to say [page 227], " His criticism was directed 
to show the rule had its value which he thoroughly appreciated, but he 
thought it a great mistake to let it go forth to the non-technical shipowner 
that this rule would give him a full measure of any marine engine he 
proposed to purchased The italics were his (Mr. Weighton's) for the reason 
that he took these words as expressing Mr. Fothergill's sole objection to 
the paper — he did not object to the rule, he objected to what he under- 
stood was claimed for it. And this also expressed Mr. Hall-Brown's 
objection as regards the use of the J/ S — at least so fer as he had under- 
stood Mr. Hall-Brown. 

Now, if the above was the meaning generally gathered from the paper 
he must have expressed himself very imperfectly, because he had intended 
it to be clearly understood that the rule was not a full measure of value, 
as the following quotations front his piiper would show, viz. : — 

[Page 177.] "Apart, however, from the question of the possibility 
of introducing such arrangements, it is to be distinctly borne in mind 
that no elements beyond size of engines and boilers, and working pressures, 
can possibly be included as factors in any general rnle." 

[Page 181.] "If a rule could be framed which would embody all 
these factors, and embody them in such a way as to give each its due and 
proper influence in determining the result, it would be 2i perfect measure 
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of value in every case, however varied the fitctors or conditionB might 
be. But this is clearly impossible, both from a mRthematical and a 
mechanical point of view." 

" In order to reduce the problem to dimensions which will enable it to 
be dealt with at all, it is necessary to make certain assumptions." 

[Page 182.] "The uniformity or normality of those factors which 
depend upon the dimensiona of the cylinders, the stroke of pistons, the 
heating surface of the boilers, and the working pressure, is secured (in a 
manner to be presently explained) by the form of the rule itsoif. The 
oniformity of factors or conditions, other than those depending upon 
dimensiona and presanre, cannot possibly be secured hyany rule, formula, 
or method, be it ever so complicated." 

[Page 183.] " 3. That value depends on many factors which no rule 
can embody, and that the only factors which it is possible or necessary 
to take into account are the dimensional elements of the engines and 
boilers, and the working pressure." 

[Page 184.] "Variation in efficiency of the steam cannot be taken into 
account as a factor iu any general rule such as this one. Snch variation 
is a most important factor in the value of steam engines, but it is 
undoabtedly outside the pale of exact estimation by any combination of 
known dimensions, areas, pressures, or proportiuns. It falls within the 
category of the variiible coefficient at the end of Table A, p^e 196, and 
as snch is to be valued by other means than pure mathemaiics," 

[Page 195.] Table A. " Efficiency of mechanism and propeller, dnrn- 
bility not due to speed of revolutions nor to boiler duty, coal consumption 
not due to expansion," etc., etc., are all shown as being outside the rnle 
and as "forming a variable coefficient depending upon causes not 
■naceptible of exact mensurcment, but probably fairly uniform for the 
individual manufacturer and for any one type of machinery." 

In the face of these stutcmentB he did not understand how anyone 
conld conclude that the rule wag put forward as a " full raeaaure" of the 
value of any marine engine. In the first place the rule did not give, and 
was not claimed to give, a full measure of the value of any marine engine, 
and in the second place no rule could possibly give any such thing. 

What the rule claimed to give, and what the Oommittee considered it 
did give, was a meagvre of (he valm of any marine engine lo far at 
tlmennons ami pretture could ftavf value, and no more. 

The term valm was introdnced into the paper for a very special 
pnrpwe. It was introdnced for the purpose of justifying the partioniar 
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form which the rule had had given to it, for the purpose of explaining the 
principle upon which it was framed. It was not introduced for the 
purpose of proving that the terms of the rule were coextensive with value, 
that they comprehended all the factors which affected value. 

How otherwise than on the basis of value to the owner could the 
presence in the rule of the low pressure cyUnder alone, to the exclusion of 
the high and intermediate pressure cylinders be justified ? How other- 
wise than on the basis of value could the limiting of the speed of piston 
to an amount depending on the length of stroke (VS) be justified? How 
otherwise could the proviso of a constant coal consumption for a constant 
pressure (V 1*) be justified ? 

These were the primary reasons why the term valtis was introduced 
at all, but having been introduced it became necessary to make sure what 
portions— so to speak — of the whole value were to be included and dealt 
with by the rule. Hence the necessity for stating — as was done in the 
paper — all the factora which determined value, not for the purpose of 
including all, but for the express and special purpose of showing how 
many of these factors must of necessity be left out altogether, and how 
many could be taken account of in the rule. 

Mr. Hiik was the next speaker, and from the major part of that 
gentleman's remarks it was evident that the question of "durability" 
occupied in his mind an exaggerated importance. So much was this the 
case that be seemed to have persuaded himself that " durability " was 
the sole biusis of the rule. For example, Mr. Hok said " Mr. Weighton 
had compared two engines of equal power, one running 500 feet per 
minute and the other Gj3() feet per minute, and found that their com- 
parative values were as 1,230 to 980. This being so, he had obviously 
assumed that value varied inversely as piston speed." Now, in the first 
place, the one engine was not running at 500 feet, but at 480 feet (80 
revolutions and :J feet stroke), and in the second place, the comparative 
value was not assumed as being inversely as piston speed. It was as- 
sumed as proportional to N.I.II.P., i,e, if the first engine is 1,230 

N.I.II.P. the second one will be ^^^'^^! ^., l^ll^"^^'^ = 980. Piston 

speed had notliini,^ whatever to do with the value of these engines, but 
length of stroke and diameter of cylinders liad everything to do with it. 
Mr. llok went on to say that " it followed that the slower an engine runs 
the higher was its value, and the quicker it runs the smaller was its 
value." Now, wherever Mr. Hok got this wonderful proposition, he 
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certainly did not get it from the pupcr. If lliis were true tben it would 
follow that the eDgioe which did not move at all would be of infinite 
Talne I Instead of inculcating such ridiculouB absnrdities as these, the 
paper expressly showed that value varied directly as piston speed, in a^ far 
ae piston speed was allowed to increase as stroke increaaed (^S). 

Mr. Hok had evidently failed to master one of the fundamental 
provisoes npon which the rule was based, viz,, that it was impossible to 
rate the values of engines which had varying degrees of durability. 
Any nile which attempted this ought certainly to be looked upon with 
BOBpicion, for who was to say what was the value of degrees of durability ? 
All that the rule did in this connection was to give the horse-power which 
would be attained when duraMlily was uniform and equal, so far 
as this Unifirrmity could he secured hy speed of revolution, and under these 
circnmBtancRS each horae-power so obtained would be of the same 
value, whatever the size of the engines. Hence the mle only predicates 
value when durability is uniform, and says nothing about value or 
anything else when durability is variable. Engines when working may 
have any amount of piston speed, but the rule when applied to tbem 
takes no cognisance of their several piston epeeds, it only takes 
cognisance of the dimension which alone should determine piston speed, 
viz., length of stroke. 

As to the reason for the disappearance of the weight factor in Table 
A, which seemed to puzzle Mr. Hok, he begged to refer him to the 
paragraph on page 192, headed " Weight," and to the proposition which 
followed in italics. 

Thecomparativednrabilityof boilers working at 250 lbs. and at 50 lbs, 
was a qaestion which, viewed in all its bearings, would be a difficult one to 
determine, and indeed such a questir.m had not concerned the Committee. 
They did not set themselves to produce a rule which would involve such 
an indeterminate factor as the above ; all they were concerned about, in 
regard to the boilers, wos to secure a uniformity of demand upon each 
square foot of the heating surface, let the pressure be what it miglit, and 
this he contended was amply sufficient. The same remark would apply 
to Mr. Uok's proposal to allow an increase of heating surface U> an in- 
crease of pressure. In addition, each a proposal as the latter would 
inevitably introduce complications and refinements incompatible with 
the nsefuhiesa of any rnie. 

As to the iafluencc of pressure upon the weight of boilers, and io 
reference to the remarks in the paper on page 1 92, hinting at analytical or 
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Btroke was generally aegociated in any one engine with a large diutneter, 
and vice versa, the prodnct D' V^ P'^'c " ^^^ f^'"" index of weight, and 
this he BUbmitted was powerfully corroborated by tlie weight diagram. 

With i-eapect to the water in the boilera, all he had to say was he did 
not agree with Mr. Hok, that the ratio of water to total weight varied to 
auch a decree as to vitiate his concl nsiotis, and in support of this he 
would append an additional diagrani (see Plate SXXII. A) showing the 
merchant class of machinery as on Plate XXXII,, hut without water. 
From this diagram it would be soon that the spots followed the straigfat 
line with practically as great general regularity as when water was in- 
cluded. 

Mr. Stoddart's proposal to divide N.I.H.P. by 6 would be found 
su^ested in the cud of the Report appended to the paper, for ate in 
cases where a comparison with the old nominal H.P. was desired. There 
waa uo doubt a good deal to be suid in favour of this proposal, but on 
mature consideration the Oommitt«G had conciudcd that there was more 
to he said against than for it. As to the name, Normal H.P. was alto- 
gether too hke Nominal IT. P., and the initials of both were identical. 
He must confess that this matter of an appropriate name had been a 
matter of gi-cat difficulty with the Committee, and they could liave 
wished it to have been shorter while eijiially descriptive. 

Mr. Hail-Brown's criticism waa nothing new in the history of this 
rule, in so far as failure to grasp the drift of some parts of the subject 
was concerned, but the way in which Mr. Hall-Brown evolved Lis views on 
the matter waa certainly new aud peculiar to himself. Mr, Hall-Brown 
began under the evident improseion that the rule afforded nothing except 
" thinking matter." but as he proceeded it transpired that it had afforded 
(to him ab least) a " great deal of pleasure " in respect of the weight 
diagram. He also did the rule the honour of calling it a pr<jdigy, but Mr. 
Hall-Brown must be very difficnlt to satisfy, because from his subsequent 
remarks it appeared the rule failed to represent a tithe of what he ex- 
pected it should hnve represented, and instead of being content when he 
found something prodigious, Mr. Hall-Brown would he satisfied with no 
rule which fell short of the miraculous. The rule which would correctly 
involve all the possible factors which affect the ultimate worth of the 
propelling machinery of a steamship would most assuredly parmke of 
the nature of the miraculous. Where the notion came from that the 
N.I.H.P. rule involved all these factors waa a mystery to him (Mr. 
Weighton), it certainly was not found in the paper nor in the report — 
the very opposite being stalled time after time in the paper. 
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He would deal with Mr. Hall-Brown's points individually. — First, he 
agreed with Mr. Hall-Brown that the smallest engine which would propel 
a certain ship with maximum economy would be the most valuable engine 
to the owner of that ship. But he certainly did not agree with him 
that the smaller of the two engines he refers to would be the more valu- 
able one to the shipowner. On the contrary, he was absolutely certain 
that if the engines were similarly proportioned and similarly built the 
larger engine would be of more value than the smaller one, and moreover 
that the amount of diflPerence would be practically mea4sured — other 
things equal — ^by the diflPerence of their respective N.I.H.P. 

Next, Mr. Hall-Brown proceeded to point out that there was a limit 
beyond which expansion of steam was the reverse of economical, and that 
as the rule did not take account of this fact it could not give the value 
to the shipowner in cases where the expansion was carried beyond the 
economical limit. Certainly it did not represent value in this sense, nor 
was it ever intended that it should. As well might it be objected to on the 
score that as it did not take account of a possible flaw in the crank-shaft 
it could not represent value to the shipowner, whatever else it did. The 
rule represented value as far as dimensions of engines and boilers and 
steam pressure were concerned in value, and no further; nor was it claimed 
for it that it could possibly represent more. If it represented (as Mr. 
Hall-Brown conceded it might do) "the value of engines for electric 
lighting and driving purposes," that was exactly the kind of valne which 
it was claimed it did represent, and so his case was granted. Then 
came the inevitable question of propeller efficiency again, the same as 
raised by Mr. Fothergill, and his answer to that gentleman must suffice 
for Mr. Hall-Brown. 

Both Diagrams 3 and 4, Plates XX. and XXL, were, as mentioned 
in the text, merely comparative, and gave no absolute measures of effect 
either above or Ixilow the base line. All that was essential for comparison 
was, that at any given stroke — in this case at 42 inches — they should show 
equal effects. The curve which had the most angle upon it was started 
from the base line at the shortest stroke taken account of (12 inches) 
for the sake of saving space in the diagram, and getting it within 
convenient dimensions in the Transactions. If it were to represent 
absolute eflects, it ought, of course, to start from zero stroke instead of 
from 12 inches stroke. 

It was, of conrse, well known that the weight per foot of heating 
surface of double-ended boilers differed slightly from that of the single- 
ended variety, and also that the weight of water carried would vary 
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Bomewhat in pasaing from the one variety to the other. It wiis due 
to thia, ainongBt other obWoiiB reasoua, that he bad recominendcd in 
the test {page 19-1) tliat the engines and boilera shocid be dealt with 
separately in questions affecting weight and cost. As regarded the 
shafting, he had simply included all the shafting in each case given 
on the weight diagram, and the reason why the spots did not range 
exarthj in a straight line, he surmised might be largely dne to the fact 
tUat the lengths of shafting varied a good deal in the several cases, and 
that both double and single-ended boilers were iacluded. 

Then ub regai'ded Mr. Hall-Brown'a objections in the matter of cost. 
He would first of all beg to refer him to the paper, in which he would 
find it stated that the rale could only be used for the purpose of finding 
a haitis cost. It could therefore not be used for finding a tinal and 
abaoluta cost. 

Mr. Hall-Brown, in his (Mr. Weighton's) opinion, made a great deal 
too much of the variatiou of coat per ton of material due to variation in 
size. Of coni-se the merest tyro in estimating knew that size was most 
important in affecting ciiBt per ton ; but if he consulted the paper, on 
page 194:. he would find the appiicalion limited, amongat other things, to 
engines "not differing enormously in size," and tlie instances he (Mr. 
Hall- Brown) cited in which two-thirds cost of material might be changed 
into one-third, would most certainly be included in the category of 
"enormoaa difference" in aize. 

In the numerica! example, he considered Mr. Hall-Brown most certainly 
wrong in his estimate of the relative costs of the two engines referred to. 
Had he not omitted to note that the first engines were to work at 170 
Iba. pressure, while the second were limited to 150 lbs. pressure? The 
rtde was admitted by Mr. Hall-Brown as a good basis for weight. Well, 
on thia basis the weight of No. 1 engines would be 310 tons without 
water, and on same basia No. 2 engines would be 179 tons without water. 
Now, his (Mr. Weighton's) estimate gave, of course, the same coat per ton 
of material for both engines, while Mr. Hall-Brown's eatimate allowed for 
No. 2 engines nine per cent, more cost per ton than for No. 1 engines. 
He would ask how could this great difference in cost per ton possiljly be 
justified in the case of engines differing so little in weight as ia repre- 
sented by the difference between 2Hi tons and 179 tons? 

Mr. Leckie said that vibrations in marine engines could be entu^ly 
prevented by balancing of moving parts. The revolving parta could 
certainly be perfectly balanced so as to prevent any tendency to vibra- 
tion due to the cranks, but the reciprocating pieces could nut poaaibly 
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be balanced in the same sense, in engines of the marine tjpe which had 
all the reciprocating parts on one side of the crank-shafb. 

If Mr. Leckie would calculate the momentum of the moving parts in 
the case of the centrifugal pump engines to which he referred, he would 
find that it was small compared with that of large marine engines, even 
when the pumps were running veiy iksfc indeed. Mr. Leckie thonght 
that, in order to get at the power of the boilers, it would be better to take 
heating surface and capacity combined. With this view he (Mr. Weighton) 
did not agree for reasons given in the paper, but for purposes of weight 
calculation alone, when the boiler proportions were unusual to any great 
extent, he had found that a nearer approximation was obtained by taking 
a mean of the heating surface and the product of the diameter squared 

and the length, for the H.S. in the rule ; that was to say, instead of the 

a 
H S 4- D LN 
H.S. of the rule, take — ^— ^ 5 ^'D being diameter of boilers, 

L being length of boilers, and N being number of boilers in the ship. 

The Yioe-Presidrnt said they had had a very interesting discnssion 
on Mr. Weighton's paper. He did not profess to be an engineer; bnt 
having heard the arguments, both pro and con^ he did profess to draw 
something like a common-sense conclusion, and from what he had heard 
of this discussion he had come to the conclusion that the paper was a 
very valuable one. It was extremely desirable that they should have 
some pretty correct system of determining the horse-power. Lloyd's had 
been referred to. Well — it was known in Lloyd's book — in olden time they 
could call a vessel of any horse-power they liked. He had in mind two 
compound engines made at the same works not many miles from where 
they were. The two cylinders were 33 inches and 61 inches, and the 
stroke was 33 inches; He believed these engines were sold as 140 horse- 
power nominal. On referring to the two vessels for which they were 
supplied, he found that in Lloyd's book one was 99 horse-power — for a 
purpose they all understood — and the other was called 250 horse-power. 
Anything more misleading than that they could not conceive; and if the 
reading of this paper would tend to the doing away with such anomalies 
they would all be thankful indeed to Mr. Weighton. He had very much 
pleasure in moving that the best thanks of the meeting be given to Mr. 
Weighton. 

The vote was given by acclamation. 
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DISCUSSION ON MR. BEBGSTrOM'S PAPER ON "THE 
STRUCTURAL STRENGTH OF CARGO STEAMERS." 
Mr, F, J, Trbwent, who opened the diBtuesiou, observed that tbey 
were much indebted to Mr. Bergstrfiai fur his very valuable paper, which 
muBt have given liim considerable thought and calculation. He was Borry 
he was nob pi'eseat at the last meeting to hear it read. He did not wish 
in any way to depreciate the paper, but would try to carry out Mr. 
Bergstrdm'a idea, as expressed in his laat paragraph, where he said he 
" hoped some more informatiou might he added during the discussion." 
He had not had much opportunity of looking into this paper, but in 
glancing it over he was very much surprised at the results that he saw in 
the tabulated statement at the end (see page 3'i3). In fact, so much 
surprised was he that he looked a littie further into it to see whether 
Mr. Bergstr6m had taken all the facts into account. The writer said on 
page 215 that "it was not his intention to advocate any of these types," 
that was to say, one type of ship in preference to another. He thought he 
had, however, fallen into the error of putting the three-deck sliip and the 
spar-deck ship forward in a less favourable light than they deserved. They 
all knew tbis neighbourhood (the Hartlepools) was the birthplace of the 
well-decker; hut at the same time he thought the other classes of ship 
should have all the credit to which they were entitled. He had nothing 
at all to say against the well-deck ship, but admitted at once they were 
the most economical ship they eonld build. Of course, some people 
preferred to spend a little more money, and went in for a class of ship 
that could go without any difhculty all round the world. Mr. Bergstrdm 
also stated on page 3 II) "to effect a fair comparison between different types 
of vessels, three things must be taken as constant — the length, beam, and 
carrying capacity." He did not see why these three sliouJd he taken aa 
constant, for in his view, the only constant was tlie dead-weight carried, 
and if they decided on the best dimensions for the well-decker, then they 
had ttimply to decide on the Irest dimensions of the three-deck ship and the 
spar-deck ship to carry the same cargo. He thought the three-deck ship 
had not been quite fairly treated on p^e 216 with regard to the stability. 
The writer had assumed that in the three-deck steamer the erections should 
be " omitted, aa the ends, though closed with bulkheads, were not perfectly 
water-light." He thought In tlie three-deck ships they might aseniae 
these bridges were water-tight. In many cases. In three-deck ships, 
M were built with water-tight bulkheadsi but whether that was so or 
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not, with iron doors in the bulkheads, they were^ for all practical purpoftes, 
water-tight. On the stability curs'es in the diagrams illustrating the paper 
they would see that the well-deck ship had the longest range of stability, 
and the three-deck ship only reached to abont 70 degs. If that bridge 
was a reasonably water-tight structure, instead of the range of stability 
of the three-deck ship being 57 degs. and the maximum righting lever 
7^ inches, there would be an increase range to 76 degs. and a maximum 
righting lever of 9^ inches. If they went ftirther and considered that 
both the poop and forecastle were water-tight structures, they would 
immediately raise their range of stability of the three-decker to about 
85 degs. and their maximum righting lever to 12 inches at 67 degs. They 
would therefore see, by taking the erections into account, they greatly 
extended the range of stability of the three-deck ship over the raised 
quarter-deck ship, and also the length of the righting lever, which was 
exactly the opposite of what had been given in this paper. The same 
naturally applied to the spar-deck ship. Their friend (Mr. Bergstrdm) 
had taken the length of the bridge in the spar-deck ship very short. 
In the table, page 223, they would see that the bndge in the spar-deck 
ship was only 20 feet. There was no reason why it should not be the 
same length as in the three-deck ship, but even with the bridge of 
20 feet they would have a longer range of stability and a greater 
righting lever than given in the table. With regard to the strains, 
the table, page 224, pointed out that the strain on the wave crest with 
bunkers full was, in well-decker, 4:'22 ; tliree-dccker, 5'08 ; spar-decker, 
5*31. lie thought he was right in assuming that in the three-decker, 
the bridge itself had been omitted altogether as part of the strength of 
the ship ; in the well-decker the bridge had been taken into account. 
If taken into account, the tensile strain on the first case was reduced for 
the three-decker Ironi 5 tons to 4*1 tons, which was below that of the well- 
decker, and the compressive strain also reduced from 4*27 tons given in 
the paper to 3*32 tons. The same applied on a wave crest with bunkers 
empty. The tensile strain would be reduced from 6 tons to 4*9 tons, and 
compressive strain from 5*1 to 3*92. In most of those cases the strains 
were below the strains on the well-deck ship. The same thing applied 
right throuf^h on the wave hollow with the bunkers full and empty. Also 
on the si)ar-dcck .«liip there was not the slightest reason why that bridge 
should not be taken into account. If they took the bridge into account 
in three-decker and spar-decker they would get on the diagrams a 
break in the curve the same as they had in the ciu've of the raised 
(juarter-dcck ship ; but as Mr. Bergstrdm said in his paper with regard 
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to the welt-deck sliip that whnre the breaks occurred it could be 
oompensated for and was compensated for in well-deck Bhipa, The 
same could easily be done in three-deck and spar-deck ships and 
was continnally beinp done. In the table, the weights were given 
of the hull of the three vcsBels, He said in altering the dimensioDB 
they could reduce the weight of the three-decker. If they took 10 feet 
off the length and ind'eased the beam they would get u more stable 
ebip and save about 1 5 tong in the three-decker, and 25 tons in the spar- 
decker. After referring to Prof. Jenkins's paper read at the Institution of 
Naval Architects as openiog a new and intereeting chapter on strains, he 
(Mr, Trewent) said they must not accept these calculations as actually the 
strains borne by the ship, but simply as a basis to compare the strength 
of one ship with another. The actual strains might be more or less 
dependent upon the loading of the ship and waves encountered. He 
wonld only say in couclusion this was a very valuable paper, and be 
thought groat praise was due to Mr. Bergstrom for the very able and 
carefnl manner in which he had treated the subject. 

Mr. CoUETiER-DuTTON said that he rose with some difRdence, as he 
had only just been elected a member of that Institution, an honour which 
be very much appreciated. He did not intend to enter into the merits of 
the different types of vessel referred to by Mr. Bergstrflm, for so many 
people had their own favourite type, who were equally right fi'om their 
own point of view, that this eeemed to be a question which, like 
the well-known " brook," was destined to go on " for ever." He 
wished merely to refer to the ■ question of freeboai'd touched upon 
by Mr. Bergstrfim, and in which he (Mr. Courcier-Dutton ) had a 
special interest in connection with his work as a Surveyor to Lloyd's 
Register in the Newcastle district. On page 31!l Mr. Bei^trdm 
stated: — " Ne.it comes the question of freeboard of the throe types, and 
the figures given in the table have been worked out as near as possible 
from the present freeboard tables. The writer is not prepared to argue 
the question of Ireeboard in the present paper, but will not pass over so 
important a factor, affecting as it does the stability and, perhaps more 
directly, the straining on the vessels, without a few remarks. As 
will be observed in Figs. 2 and 3. Plate XXIV., the main deck is 
taken as being of wood, and had iron been substituted an allowance 
in the freeboard of 2^ to S inches would have been granted, and 
consequently the vessels could have been built that much shallower, 
still carrying the same cargo. This diminution in freeljoard and 
depth would certainly iiave decreased the stability and, equally cer- 
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Ffnm '.mil ^ v^wxavL mac X;, Bi!»3Sriin «w«d aueat h> 

?jM .iMr» «i:iflC4&ic«r>a vf a^ v^vMiiiiL 'ietk §st a& ana ooe lad che ^»l of 

:ar3^7 f^vaosi '.Ait /HurcnLzuii saias. iacmsair cfae gaWii T, aad 
4Usn»UMr vu^ ''ftZTx.ae '^aoiflc^. Tuc mlt ^ififag of firsefaoArd dkoald 
Ar.acr am;^ wen :» r>jffiLu vm & ftaffmw k wis <iiftni£ lo c»( 
•Kv/uaj. aiui .1; VM & T^rj p«>[ir rvyjessd^ja. fA zi^ waiamk^ cirae sad 
UM»ria( ^-7<H!; 07 :cit ^pLZ^tmexi viio f?aiaed UieK rmWi^., mad of wbom 
tiwsj ha#i »> a>^ > r»y*afenatiTife ia zkua: f wy ccrf V kjL - Pmid ent- IfMr. 
fer;{BCr/>ak >»k/^ x*or^ car»f iHj iaxo ^ cables he mwld find Uisc what 
Uk Irm dmc VM tiud, vu^ Ar^eooftrd, ak&r dedncckn of die thtrkupiw 
<^ A fopj/iH^ vor>l diii::k, va4 aKHared mM. frvjm chflK mpp<"»gwi wood 
<iMlc, (>a( fr^^cb Uk iron dm^k; dike rwnkfng k»d-liiiey the rescrre booj- 
MKj, the c^njia^ f:A;^iMjy aod the ttabiliij, being Umelbre pgactically 
thft Mra^ in either caie. He /"Mr. Coankr-Dotcoii) did nxA know if there 
verfe auij tim^r merr^bante preient that night, but he thooght tlimt if such 
UArvHlU/UM vina^ coald be found in a piece oi deck plank, the daja of 
iron ubipbuildin^ were at an end; tbej shoold retnm to the old wooden 
waJI«» and the price of timber wooJd go ap about 50 per cent. Mr. 
f5ergitr6rn appeared u> have &Uen into another and alighter error. 
Kurtb';r dr^wn in the next paragraph bat one (page 219), he said : — ^^It 
will U; uci'/^msLry hnn: to state that while in the well-decker all the erections 
n\fffV(t the roaiu deck have been considered buoyant, the poop and fore- 
rAiniU: only arc includ*:*! in the spare buoyancy percentage of the three- 
d<;ckc(J vt:Mift\y ;m the bridge has openings in the after end." This waa 
not quite f'jiir, for if Mr. Hergstrom would again refer to the foot notes to 
th(; U»hN:H lj<; Would find that where a bridge house was open or partially 
ofMjn at the endn, although it might not largely affect the spare buoyancy, 
still it was not ignon^d altogether, but was assessed at ^ or J of its actual 
length, and the n-iwon was seen when they remembered the protection 
uirorrh'd by th(! bridge sidc^s to the engine and boiler openings. If they 
HUppowul the vessel to be 8U])]K>rted on the crest of a wave, something like 
that shown in one of the diagrams attached to the paper, it would be 
obHi'.rvcMl that the bridge side plating was to a large extent immersed, and 
so allordiid valuable protection to the engine and boiler spaces, even when 
tlir bridg<^ was opc^i at the ends. 

Mr. (J. VV. SivKWRKHiT said that in the table of comparisons, part 7, 
paragraph 11, it was shown that the well-deck steamer was trimming 7 J 
by (he head when loaded. He would like to ex{>laiu that the vessel 
ri'lerrcd to was one of the tirst. they built of this type and they had simply 
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added the long bridge on to the ordiDsry well-decker tbey were then 
building. After these calculationa were completed, and tliej had had Rome 
experience of the general loading of this veBsel, the future designs of the 
well-deckers were altered bo that they wontd trim on an even keel when 
completely loaded. He noticed that several of the speakers had drawn 
oompariaona between the spar-deck, three-deck, and well-deck steamer. 
This paper was not written with the idea of proving the Bupcriority of 
one vessel over another, but there could be no donbt that the well-deck 
steamer was more suitable for the trade of the North-East Coast ship- 
owners. These vessels not having an intermediate deck could be loaded 
quicker, stowed easier, and cost leas money to build for the amount of 
cargo earned. He could only congnitnlate Mr. Bergstr6m upon the 
manner iu which he had got out hia two papers "On the Structural 
Strength of Cargo Steamers." Papers of this description require a great 
amonnt of study and calculation. 

Mr. F. Yeoman took it that no particular favouritism was shown in 
the paper so far as he could gauge. As a non-technical individual, and, 
by the way, he might be permitted to aay that sometimes he wished naval 
architects would use, as &i' as possible, eaaily understood phrases, instead 
of the ultra-tcchtiicul phrases difficult to outsiders. The paper seemed to 
deal fairly with the thi-ee types. He was immensely tickled in reading 
one paragraph in the paper, on page 221 : — "As to the height of platform, 
which is consideiTd of such vital importance, it cannot be denied the 
well-decker }m.i yUnty of it, and no doubt makes her have ti very dry 
bridge in ordinaiy weather on which to rroes the Allantir, when compared 
with the otiier types." They were not responsible for that iu Hartlepool, but 
it was the opinion of an espert. It had occasionally been rather rich to 
those who had felt interest in this question to hear of the three-decker and 
the spar-decker attempting to climb up to the quoted aupereicellence 
of the ouce much abused well-decker. Especially was this the case when 
they rcmembei-ed that not so many years ago a judge at a Board of Trade 
enquiry donbted whether such vessels ought to be engaged in that trade 
at all. They had surely gained much valuable information in the interim. 
It seemed to him, so far as he could gather, that well-deckers were strong 
in what he considered several vital particulars, such aa spare buoyancy and 
stability. They were low priced — a consideration to the shipowner. The 
weli-decker was also very easily stevedored, an advanti^e in having to take 
all kinds of cargo in every part of the world, not from choice but often from 
compulsion, and last but not least, to every British shipowner worthy of the 
name, they were, under all these varying conditions, a proved safe type of 
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ship. A gentlemau had said th&b some wished to spend more money a 
baild a ship that would go all round the world. That seemed rather 
safest that the well-decker waa not capable of going all round the woi 
Their experience in Hartlepool proved the contrary. He ahonld like 
state this in pnblic, that he beliered the type of vesael, of which the; w 
lamenting the loss of so many, was bnilt aa an escape from the penecnti 
of the siifcr type many years ago, say since 1873, by the Board of Tia 
He could only re]>eat that of an average of 3&0 well-deckers since 18 
in one insunmcc aBsociatioti but one steamer had been reported missii 
whilst of about GOO steamers of the type having more than one deck I 
no lefls lliaii ten or eleven were posted as missing in the last year tabnlat 
Shipowners could not afford to overlook this fact, and as marine architt 
they were bound to aim &t doing eveiything possible towarde remedy 
this disparity in the loss of life at sea. 

The Vice-President said it had been suggested that there might 
other members who would like to speak on this paper, and he shonld I 
to take the sense of the meeting as to .whether any farther diecnssion 
this paper should be sdjonrncd, or whether to consider it closed t 
night. 

On the motion of Mr. We[»iiton, seconded by Mr. Fothbkgill, i 
discussion wiis adjourned. 
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WEIGHT OP MACHINERY IN THE MERCANTILE MARINE. 

Br WILLIAM BOYD. PisT-PBisiDfirr. 

[Kh*d beforb Till iNBtitniOB OS April 13Ta. 1890.] 



Tbs subject which the writer deaircB to bring before the lostitution m 
ODQ which has always possenecd great interest to all who are conoerneil in 
obtaining from any given espenditure of capital the highest possible 
performance in the propiikion of the steamship. 

It has been frequently brought to the notice of the Inatitution, viz., 
in Measra. Marshall and Weigh ton's paper, read in April, 1880, on "High 
Speed Enginea," in Mr. J. P. Hall's paper, read April, 1887; again 
notably in a paper by Mr. R. Thcmpson in November, 1887, on "Cargo 
Steamers;" and especially in the valuable information supplied by Mr. 
Macarthy during the discussion that followed on that occasion. 

But in all these papers and discussions the particular point of how far 
it would pay the shipowner to adopt engines of lighter design has never 
been very specifically dealt with, and the author has felt tiiat perhaps 
good purpose could be served by some fuither discussion and elucidation 
of the matter, especially as he thinks that mistaken and exaggerated 
views are sometimes held on the subject. 

The difficulty of concentrating the various considemtions which affect 
the problem into the space available on an occasion of this kind have been 
much greater than he ever anticipated, and the present must he regarded 
only as an attempt to touch the fringe of the subject, and as applying 
only to one branch of marine engineering practice, leaving out of con- 
sideration all special cases where machinery is designed for special 
pnrposes. 

Another condition should be made clear at the outset. In all the 
calculations of weight, etc., which follow, the present existing rules for 
the strength of boilers and engines in the mercantile marine have been 
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adhered to, and the machinery referred to in the paper is supposed to 
be designed to pass Lloyd*8 and Board of Trade rules, and, whether in 
the h'ghter or heavier engines, to have the factor of safety provided for 
in those rules, and also ample wearing surfaces. It is the more neces- 
sary to make this clear^ seeing that when once a departure is made 
from some well understood basis of this kind, the door is opened to a 
variety of other considerations. For example, it is held by many that 
the factor of safety in use for marine boilers is greatly in excess of what 
is necessary. Mr. Marshall said in the discussion on Mr. Hallos paper 
[I that, in his own practice, when at liberty to do so, *'he was reducing 

the thickness of shell plates 20 per cent.;" and similar modifications of 
design might be applied to crank-shafts and many other parts of machinery. 
Then again, in the design of the marine boiler many attempts have been 
made with more or less success to reduce its weight by alterations in- 
volving less dead- weight of water to be carried, such, for example, in what 
are known as tubulons boilers; and again, by employing boilers of the 
navy type and other similar designs, to obtain improved results. 

This qnestion of the type of boilers opens out several questions of some 
difficulty. It might reasonably be asked why, if you propose that the 
shipowner should boldly face the qaestion of increased piston speed, you 
do not also suggest the possibility of an improved type of boiler of equal 
evaporative efficiency but carrying less dead-weight of water, and also of 
less stnictural weight ? The answer is, that in the opinion of the author 
the present type of marine boilers is specially suited to the various con- 
ditions under which its efficiency must be considered. The navy type 
boiler of reduced diameter occupies less room vertically, this being the 
direction in which space is of least value, but occupies more room longi- 
tudinally, where length is of vital importance and very great value, and 
the same remarks apply with more or less force to other types and modi- 
fications of present practice. 

This problem of the space and weight in any given steamship which 
is devoted to steam producing, as distinct from steam using purposes, 
deserves an essay on its own account, but the author has been unable to 
undertake the enquiry on the present occasion. He has therefore thought 
it best to deal with the present type of boilers (or the steam producing 
department) as a "constant," and to devote his remarks to modifications 
in the engine or steam users, and to certain moderate improvements which 
maybe made in the boilers without departing from the present recognised 

type. 

The author therefore has simply taken into consideration the ordinary 
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marine engine of the present typo, with machinery and boilers of the 
ordiaary design, and constracted of miiterialB ordinarily in nee, and of 
ample strength and surface. 

Reforring to the light engines mentioned furtjier on in the paper, a 
abort specilication is given of the mod id cations contemplated eo as to 
obtain the reduction in wdgtit. It will be seen that these modifications 
are of a moderate character, the idea being to confine them to changes 
which may be considered us rcasonitbly applicabk to the mercantile 
marine with a view to continuous economy. By the adoption of special 
designs, sach as light and braced wrought iron columns for carrying the 
(flinders, and other similar modifications, a greater reduction of weight 
could of course be made, but it would be at a greatly increased cost, and 
in the author's opinion the reeult would not be suitable for the mercantile 
marine, or be likely to be adopted therein. 

The vahie to the shipowner of a ton saved in the weight of the pro- 
pelling machinery is the most important element in the following calcula- 
tions, and the author has been kindly supplied with eiact information on 
this head by Mr. J, D, Milburn and Mr. Maoarthy, whose authority on 
the subject will doubtless be recognised. Mr. Milburn considers the 
saving per ton in weight per annum to be £7 l!)s. for vessels employed 
in the Eastern trade, and £5 153. in the Black Sea trade. Mr. Muc^rthy 
names a rather lower figure, viz., £7 and £5 for the Eastern and Black 
Sea trades respectively, so that the author has adopted the figure of £6 
as being a fair allowance for the present purpose. Both authorities 
explain that this value per ton saved in weight is only applicable to 
vessels carrying dead-weight cargoes, and that us in the Eastern trade 
vessels occasioually carry "measurement" (or partly "measurement") 
cargoes, this gain should be modified in such caseA, and that in the case 
of some cotton cargoes it wonid disappear altogether, and that in such 
cases there would be no advantt^e at all to be derived from the use of 
lighter machinery. The author has given this explanation for the pur- 
pose of anticipating obvious criticism, bat for general trading he bclievee 
he is not far off the mark if he values the saving in weight at £6 per 
ton per annum. 

Tho author has adopted as the basis (mm which to start his comparison 
a vessel of the followinf; dimensions: — Length, 310 feet; beam, W feet; 
draught of water, 2'i feet ; dead-weight, 4,:iOO tons ; speed, 'ilj knote, fiu«d 
vith a set of engines of the following sises : — Cylinders, 23, S7, 60 by 39 
stroke, with two boilers containing 3,900 sijuare feet heating surface, 
IGO lbs. pi'essure, and capable of developing under natural draught when 
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nmniDg at 75 revolations (piston speed 487 feet per minoie), 1,800 
indicated horse-power, and of driving the vessel (of which particulars are 
given above) at a speed of 9^ knots on loaded trial trip. The weight of 
these engines with water in the boilers ready for sea, inclusive of Board 
of Trade and Lloyd's usual spare gear, will be 256 tons, equal to 442 lbs. 
per indicated horse-power. 

Bearing in mind the explanatory remarks in the former part of this 
paper, we now proceed to ascertain to what extent and at what cost the 
total weight of these engines could be reduced so as to add to the cargo 
carrying capacities of the vessel, while maintaining at the same time to 
the fallest extent the efficiency of the machinery, and with ample provision 
against breakdown on a long voyage. The modifications proposed are as 
follows, and they are shown on Plate XXXIV., and can thus be readily 
contrasted with the ordinary engine shown on Plate XXXV. 

The condenser, instead of forming part of the structure of the engine 
(as is now usually the case), is a separate vessel composed of brass plates 
of suitable thickness placed on the port side of the engine room and con- 
nected by copper pipes to the air and circulating pumps, which are still 
attached to the main engines, and are driven by levers in the ordinary 
way from the piston rod of the intermediate cylinder. 

The cylinders are carried on six cast steel columns, resting on and 
attached to the bed-plate. The bed-plate, as well as the colamns, is of 
much lighter design than is ordinarily employed, and like them is composed 
of cast steel. 

Cast steel is also substituted for cast iron in the following parts : — 
Cylinder covers and pistons, thrust carriage, plummer blocks, and stern 
tube. 

The air and circulating pumps and feed and bilge pumps, instead of 
being constructed of cast iron with brass linera in the usual way, are 
made wholly of gun metal of adequate thickness. 

Brass castings throughout are also substituted for the usual practice 
in the shipside valves, the steam regulator, and in the stop valves and 
safety valves on the boilers. 

It is also proposed that, to reduce the weight as far as possible of the 
crank or tunnel shafting, a hole about 2^ to 3 inches diameter should be 
bored through the centre of all this shafting, which can be done without 
encroaching on their strength. 

These shafts, as well as the piston and connecting rods, will continue 
to be made of scrap iron or scrap steel, as no allowance in the factor of 
safety is granted by the rules for the employment of ingot steel in these 
parts of the engines. 
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The effect of those alteratiooa is tu rednce the total wcig;ht of the 
machinery with Lloyd's and Board of Trade spai'e gear, and with water 
in the boilers reiidy for sea from 25G to 240 tons (equal to -113 lbs. per 
indicated horee-power), being a Bavinfr in weight of 16 tons of the annnal 
valae of £90 to the shipowner on the scale already, given. 

The important question now arises as to the cost at which these 
modi6cationa can be ellectcd. Carefnl calcnlationB have been made in 
the author's ofRce, based npon the present difference in the coat of cast 
iron and cast steel castings, and on the additional cost involved in the 
removal of the condenser from the main strnctnre of the engines into 
a separate vessel in the manner described above, and without troubling 
the Institution with too many details, the author is of opinion that the 
changes detailed ab(ive would involve an cstra cost in the selling price 
of the machinery of £1,500, in return for which there would be (as 
already shown) a saving in dead-weight of IG tons, worth to the 8hi|>- 
owncr £96 per annum, representing an interest on the capital expended 
of G"i per cent, per annum. 

It will probably be admitted that this is an inadequate return for 
capital so expended in a steamship; at any rate, that is the opinion of 
the author, and his object is now to show that, in more ways than one, 
and in more than one direction, some part of this capital can be bett«r 
employed, and also tliat with sufficient coarage on the part of the ship- 
owner to face an increased speed of piston, equal results in the speed of 
his fillip can be secured by a lessened rather than by an increased 
espenditure of capital. 

To bring to bear some actual experience in regard to the question 
of increased speed of piston, the author has referred to the records of 
the performances of marine engines when he was engaged in their 
raanufUctnre twenty-five years ago, and he finds that in the years 1863 
to 18G9 inclusive, the average piston ai»ed of the screw engines built 
by his firm (which were mainly of the simple surface condensing type) 
was 333 feet per minute. In the four years which followed (1870 to 
1873 inclusive) the average rose only to 310 feet per minute, and these 
engines were entirely of the ordinary compound type working on two 
cranks. In the following ten years, 1875 to 1884 inclusive, the record 
gives an average piston speed of 424 feet per minute, these lieing also 
all compound engines. From 1885 to 1888 inclusive, the average was 
494 feet per minute, the engines being mainly triple expansion on thi-ee 
cranks, and in 1889 the average rose to 558 feet per minute, these being, 
of conrsc, all tri|ile e.tpansion engines. Thus in the twenty-five years 
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ftrjin 1^3 to 18S8 there is an increase in piston speed of 161 feet per 
minnte. or »j 50 per orat^ aad material progress is bdng daily made in 
the same direction. 

Increase in pLaton speed is the greatest and most important factor 
in the problem of redocing the size and weight of engines, and it is seen 
that with the introduction of the three crank engines in abont 1884, 
an increase of fallj 15 per cent, was obtained over that which was 
ordinarily in ose in the best oomponnd and two crank engines in the 
ten years from 1875 to 1884. This increase is being gradoally and 
sacoessfnllj pnrsaed, and the aaUior is of opinion that still farther 
advantage can be taken of this means of reducing weights. Doabtleas 
there is a point at which Uie increase in piston speed will add to the 
momentam of the moving parts to such an extent that it woald involve 
a radical alteration in the ordinary design in order to redace their weights 
considerably, bat this point is not yet reached, nor is it in question in the 
proposals now submitted to the Institution. 

The author feels assured that with the present equally balanced 
engine, with larger bearing surfaces and efficient mechanical lubrication, 
the piston speed may safely be increased by 10 or 15 per cent, above 
what is put down for the normal engines, thus raising the piston speed 
to 570 feet per minute. He has in his own practice repeatedly made 
use of such increased piston speed with satisfactory results, and he 
considers that the ordinary type of engine may be made to develop 
this increased power with certainty and safety over long voyages without 
incurring any risk Ixjyond that inseparable from ordinary service at sea. 

Mr. Hall-Brown in his recent paper seems to be of opinion that to 
increase the number of revolutions by 50 per cent, would materially 
iuterfei-e with the efficiency of the propeller, but his objections were well 
met by Mr. Patterson in the discussion which followed, and the author 
can only add that the revolutions given by Mr. Hall-Brown as producing 
a propeller efficiency which, in his opinion, is incapable of improvement, 
are only 65 for a stroke of 39 inches, or 422 feet per minute, which 
has been shown above, was the practice of ten years ago, with two crank 
compound engines. The author has obtained excellent results with 
propeller runniui^ at 75 to 80 revolutions in engines with 89 inches 
stroke, and lie is of opinion that tliis could be increased, say 20 to 25 per 
cent, (say 90 to 95 revolutions), without any material interference with 
propeller efficiency if suitable provisions are made in its design. 

He would also point out that the experiments on which Mr. Uall- 
Brown bases his ariJfuments as to propeller efficiency are merely model 
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experimeDtg in a tank, and with a very high number of i-evolntions, sod 
cannot thurefare be tuken as abaolulety conoluaive iu reference to ordinaiy 
working at sea, but the author alao desires to add that the object of his 
paper principallj l>ciug to discuss' the weight of the machinery in an 
ordinary Ecrcw eugine, he puts on one aide as much as possible the dia- 
oaasion of all collateral questions which would only indii'cctly affect ihe 
main points under consideration. 

It will be seen above that the power developed by the nornial 
enginee, supplied with steam from boilers of normal siae (3,flOO 
square feet heating surface), will be 1,800 indicated horse-power, while 
running at 75 revolutions, giving a piston speed of iS7 feet per miuate. 

As argued above, the author considers that this piston speed might be 
increased to 570 or 580 without risk or objectionable wear and tear, 
provided means were adopted fur a larger supply of steam adequate for 
the increaeed power developed. 

This additional supply of steam can be obtained iu two ways; — First, 
by increasing the size of the boilers, or. second, by adding to their 
efficiency by the employment of forced draught. 

If a piston speed of 585 feet per minute (or sity 90 revolutiouaj were 
adopted, the power then developed by the cyhnders named above would 
be 1,550 indicated horse-power, and the problem would work out thus; — 

The boilers to supply steam for 1,550 indicated horse-power must be 
increased in size bo as to contain 4,650 square feet, and in weight by 13 
tons. The weight of the additional water contained in tbe larger boilers 
will be about 7 tons, and allowing also for some slight additional weight 
to the machinery, so as to provide for extra wearing sniface and extra 
strength in certain parts, the total weight of the machinery would be 
increased above that of the normal engines by say 20 tons. Tbe cost of 
this addition miiy be reckoned ae £400. 

What is the position of the shipowner under these moditications ? 

1. His engines develop 1,550 indicated horee-power as against 

l,3(t0 indicated horae-power. Tbe difference in power repre- 
senting a difference iu speed of say three-quarters of a knot 
on loaded trial trip. 

2. Per contra: — 

(a) He would lose 20 tons in the carrying capacity of the 
ship, representing an annual logs of £120. 

(6) And he would bum 4 tons per day more coal, representing 
an annual additional expenditure of say £880, on the 
supposition that the vessel waa actually steaming 2£!0 
days out of 366, and that the coal cost £1 per ton. 



t$f9 WEUiHJ OW MJCHISEKT DT TBOB MEKASTELK BABUTK. 

Vy Tlfg cfjei of inenacxiie the ue of the boOen. etc., wonld 
be £44y>, the interett cf wfaidi, at 10 per cent, per 
aniinm. repccsKDis an annoal cfauge of £40? 

Hc^ far <k/UB thif g&in of tLree-qiianen of a knot in ^leed bobuioe 
the k4K of carrring capadij and extra ooal oonsampcion, and interest on 
caf^tal expErnded, amounting together tt> £1,(J40 ? 

The wbOJiki aiiemative ia to increase the eflkiencj of the boQers bj 
the addition of forotd draogfat. 

This proposition opens np manj vexed qoeBdona hardly germane to 
the points immediatelj onder oonsderation, and Uie anther does not 
propose Uj disciuB in any degree the soooess or otherwise of the varioos 
sjstems in use at the present day, or to ento" into any description of 
them. He has based the following calcolations on the employment of a 
moderate arrangement of ^ assisted " draught on the closed ashpit system, 
which he has himself fitted into 22 steamers, with nniform saccess. 

Retaining a piston speed of 585 per minute (say 90 revolntions), an 
indicated power of 1^50, and a speed of ship of 10^ knots, a supply of 
steam cr>ald Ije easily supplied from boilers of less size than those 
proposed for the normal engines. The experience of the author would 
show that Ixiilers containing 3,700 square feet heating surface wonld be 
ample to accomplish this, supposing them to be fitted with assisted 
draught, giving a pressure of '4 to '5 inch of water under the bars, and 
about '2 inch a]x)ve them. 

The not cost of this alteration may be taken as £280, that is, after 
giving credit for reduction in size of boilers. 

What is now the j')Osition of the shipowner ? 

1. He gains three-quarters of a knot in sjKjed as above. 

2. Per contra : — 

(a) The additional weight of fan and engine, and increased 
wearing sui-face would be almost exactly compensated 
by the reduced size of bond's and less amount of water 
carried in them, thus leaving the dead-weight of 
machinery practically the same as in the normal 
engines. 

(h) As to consumption of fuel. We might argue from several 
instances that owing to the increased furnace eflSciency 
and the perfect control at all times, and under all 
conditions, over the rate of steam production, even 
with inferior coal, the consumption per indicated horse- 
power would be lessened sufficiently to provide for the 
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extra coal required to produce the additional indicated 
horee-power, but as this argument might introduce 
debabeable qaestiona t'oreij^n to this paper, we will 
asaume that the conanraptioo per indicated hoi-se- 
power remains the same. Therefore, we will afisome 
that the additional coal burned in twenty-four hoars 
will be the same as if the additional indicated horse- 
power had been obtained by using larger boilers, and 
will be represented by £880 per annum, aB above. 
(c) The annual interest on the expenditure at 10 per cent, 
will be £28. 

ThuB in the case of forced drau^'ht, against the gain of tbree-quartera 
of ii knot in speed, the owner has to set a debit amounting to £'JOK, as 
gainst £1,040 by adding to the size of boilers, being a balance in 
&i7onr of the forced draught system of £132. Probably much might be 
said by way of enlarging the further comparison between these two 
systems for procuring increased power out of any given set of engines, 
but that is not the immediate object of this paper, and is therefore 
passed over. 

The real value of this three-qnarters of a knot to the shipowner is 
difficult for anyone but a shipowner to assess, but froin Mr. Macarthy's 
statements in his speech on Mr. R. Thompson's paper, each day saved 
on the voyage would seem to be worth, for reduced cost in working the 
ship, about £15 jwr day. The increase of speed on a voyage to Bombay 
and back would mean a saving of four and a half days on the double 
voyage, and assimriing the veasc! made four such voyages in the year, 
this would give a result of eighteen days saved at £15 per day = £270. 
The author hopes that some mombci-s of the Institute who are con- 
versant with this branch of the subject will say how far such a result 
would compensate for an increased capital expenditure and increased 
coal consumption, indicated above, in the case of larger boilers and 
assisted draught respectively, 

Pursuing this enquiry in an opposite direction we will now work 
backwards from the normal engine, and suppose that the shipowner is 
content with a speed of 0^ knots on loaded trial trip, which may be 
taken to represent an average of 9 knots at sea, and that while willing 
to face a higher piston speed he prefers to employ this means of main- 
taining the same indicated hoi'se-power. and thus at Che same time 
icdnce his capital expenditure as far as puseible. 
I Assuming a piston speed of 570 feet pur minute, engines having 
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c^Iindera 21, 34, 55 by 86 stiroke, when nmning at 95 levolations, 
wonld, if gnfficientlj sapplied with steam, deyelop the same power as the 
nonnal engine, viz., 1,300 indicated horse-power, and drive the vessel at 
a speed of 9^ knots on loaded trial trip. 

Allowing the boilers to be of the same efficiency they mnst be of the 
same size as those for the normal engines, and contain, say, 3,900 sqaare 
feet of heating sar&ce, and the author estimates that machinery of this 
kind conld be fitted at a rednction in cost to the shipowner of £1,400 
on the normal engines. 

The weight of these smaller engines supplied with steam from boilers 
of extra large size (3,900 square feet) will be 218 tons (equal to 375 
lbs. per indicated horse-power), and it will thus be seen that a saving 
in weight is effected of 38 tons, which is very considerable and important. 
In addition, therefore, to the saving of £1,400 in first expenditure of 
capital, there must be added a saving in weight of 38 tcHis, worth, on the 
scale hitherto employed, £228 per annum. 

Pursuing the same comparison — but adopting a system of assisted 
draught to increase the efficiency of the boilers instead of adding to their 
size — we find that boilers containing 3,100 square feet of surface would 
be ample for the purpose with the ashpit and other pressures already 
named, viz., '4 inches of water below, and '2 inches water pressure above 
the firebars. The cost of this installation would be about the same as 
that of engines having the same sizes of cylinders (viz., 21, 34, 55 by 86), 
but with large boilers (3,900 square feet), so that the consideration of 
capital expenditure remains the same in each case. But the total weight 
would then only amount to 203 tons (equal to 350 lbs. per indicated 
horse-power), representing a saving in weight over the normal engines 
of 53 tons, representing a saving (at £6 per ton per annum) of £818 
per annum. 

Thus, the smaller engines running at 95 revolutions, with a piston 
speed of 570 feet per minute, can thus be made available either by fitting 
larger boilers working under natural draught ; in which case there is a 
saving in capital expenditure of £1,400, and in dead- weight of machinery 
of 38 tons, or by fitting smaller boilers worked with assisted draught, in 
which case the saving in capital expenditure would remain about the 
same, but there would be a saving of weight of 53 tons as against 38 
tons in the former case. 

The author wishes to sum up his conclusions briefly as follows : — 

There are three alternatives open to the shipowner, whereby he may 
adopt improvements in the propelling machinery. 



WEIGHT OF MACHIKEItT I 



E MEUCANTILE MARINE. 



1 . He may retain ii moderate rate of piston *peed, and by an expendi- 
ture of capital of £1,500 add to the carrying capacity of his vessel by 16 
tons. 

But if be can admit the possibility of increased piston speed (be it 
well understood witb increased wearing siirfiice and strength of certain 
parts to correspond therewith, and as already explained constructed in 
accordance with the present Board of Trade and Lloyd's rules), he oan 
adopt two other altera atives. 

2. He can add to the speed of his ship by three-qnarters of a knot, 
by the adoption of increased size of boilers, or by adding to their etEciency 
by the employment of assisted draught. 

3. Or he can retain his normal speed of 9^ knots, and save capital, 
expenditure, and weight to the extent and in the ways already described. 

The author feels that proposals of this kind must be open to much 
fiiendly criticism, but the calculations he has made have been fairly and 
honestly prepared to the best of his ability, and in a great measure bused 
upon his own experience. 

At any rate it is an honest attempt to throw additional light u]K)n 
some of the problems which must be in the minds of all who desire to 
add to the efficiency of the marine engine, and without pretending to say 
that this is the best or only direction in which such efforts can be turned, 
still he ventures to think that this is certainly one line into which the 
merabei-B of this Institution might with advantage tuni their attention. 

In conclusion, the writer desires to acknowledge the valuable assistance 
he has received from Mr. L. Rusden, the manager of the engineering 
department of the Wallsend Slipway, in the preparation of this paper. 
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NORTH-EAST COAST INSTITUTION OP ENGINEERS 

AND SHIPBUILDERS. 



Sixth Session, 1889-90. 



PROCEEDINGS 



CLOSING BUSINESS MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE LITERARY AND PHILOSOPHICAL 
SOCIETY, NEWCASTLE-UPON-TYNE, ON MONDAY EVENING, 
MAY 12th, 1890. 



F. C. MARSHALL, Esq., Pbbsidivt, in thb Chaib. 



The Seoretaey read the minutes of the last General Meeting held 
in West Hartlepool, on April 12th, which were approved by the members 
present, and signed by the President. 

The discussion on Mr. G. Bergstrdm's paper ''On the Structural 
Strength, etc., of Cargo Steamers of Different Types " was resumed. 

The discussion on Mr. W. Boyd's paper on the "Weight of 
Machinery in the Mercantile Marine" was then proceeded with. 

This was i'ollowed by the Closing Business of the session. 
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I)I801T98ION — STRUCTCIIAI, RTRENQTn OF f AHOO RTKAMRRS. 2fi7 

"ON THE STRUCTURAL STRENGTH, Etc., OF CARGO 
STEAMERS OF DIFFERENT TYPES." 

ADJOURNED DISCUSSION. 

Mr. W. HoK, in resuming the diacaseion, said Mr. BergBtrflm had 
given tlicm n comparisoD of tlie longitudinal stvength of three distinct types 
of modern steamers; tlie well-decker, the three-decker, and the spar-decker. 
He had for that purpose assumed the three steamers of sume length, 
same breadth, and same carrying capacity; and his calculations furQished 
him with the result — that the well-decker waalongilndinallythe strongest 
ship, then the throe-decker, and then the spar-decker. These results 
were not strange, considering the way in which they had been obtained. 
He did not donbt for one moment the correctness of Mr. Bergstrftm's 
figures; but he submitted that the I'^ult was dne to the way, and, in his 
opinion, to the mistaken way, in which these ships bad been compared. 
Taking minor points first, they noticed that the three-decker and the 
spar-decker had only one iron deck each, the npper deck in both cuses, 
and that their respective main decks were of wood, whereas the well- 
decker, by virtue of iu bridge being included in the strength calculation, 
had two iron decks. He submitted that the ihTco-dccker and the spar- 
decker had in this way been unfairly treated, both as regarded oirrying 
capacity and longilndinal strength, uepccially as the mutter of laying an 
iron main deck instead of a wooden one in no way violated the roles of 
Lloyd's society. It would then hare been found that the stresses that 
came upon the material in the three-decker and the spar-decker would 
not compare very nnfavonrably with those foiling upon ihc well-decker. 
Or, if tbey liked, compare Mr. Bergstrflm's three-decker and spar-decker 
with a well-decker with a short bridge, so short that it cannot legiti- 
mately be included in the calculation for the longitudinal strength; and 
again the ensuing result would be more in favour of the former ships. 
Regarding the real position of the wcli-decker compared with the other 
shipe, he did not for one moment hesitate to express his conviction, or 
rather to express the fact, that compared with ships with coutinnoits 
decks, the raised quarter-deck steamer was highly deficient in longitu- 
dinal strength. The reason for this u uisy to find. It lies in the break 
of the raised quarter-deck ship, which, as was well known, was its weak 
point. He submitted that as long as this weak point existed it would be 
iibeolntely wrong, and not until the break by the employment of superior 
and altogether different modes of strengtiiening had been made equal in 
resisting power to adeokofanbrokenoouttnaitywoalditberighb, tooom- 
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(he niaed qiMitor-deck rtcBaer, he nfaauUed that, in order to obttin 
the nlatJn lo ngitBdinal attcogfth of other tjpes, the relation betwmo 
defXh aad lencth ifaoold be the mat foe all. A Bteamer of Ftwdl depth 
would dwajs a»D[an an&Tuiinblj with a steamer of great ileptb, both 
m reganb Uteni^ and wegbt; therefore irhen the loDgitadimU strength 
of tteuaen was cmnpared. tbe fixed qoantities sboald be length, <)epch, 
and breadth. If socfa a oompariaon waa made be believed thc^ woald Snd 
that the spar-decked ship was longitudiDoU; sOod^ tluui the three- 
decked, the reason for this being Dothiog else bat tbat the materi&l added 
in coiiTcrting the former type into the latter waa not of sufficient amoiiDt 
to aecare eqoal longitudinal strength bo these two types when loaded to 
their respective freeboards, especially ae tbe freeboante were influenced bj 
the amount of erection in the aeoond type and not in the first. In com- 
paring whether one type conld be constmcted lighter than another type, 
he believed the figure giving tbe tmest indication thereof was the per- 
cenlAge of steel used per ton of load displacement. People were apt to 
forget lliat the material nsed in the construction did not OQly carry the 
cargo, but also the wood, fittings, propelling machinery, etc. ; therefore, 
in order to obviate the necessity of knowing the weight* of thede it«nia, 
tbe truest and simplisl way of ix>jn;>ariag weights was the percentage of 
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net or invoiced ateel to the load diBplacemcnt. Moreover, if they com- 
pared ships of different types but of the same ratio between length and 
depth, not forgetting, however, that the trne deptli was the depth to the 
upper deck increased in raised i|iiarttT-dccked Bteamera and thi-ee-deoked 
steamers with an amount equivalent to the influence of their respective 
erections on freeboard, they wonld find there was little to choose be- 
tween the different types. But, geueratly speaking, be believed that if 
the spar-decked ship was titt«d with any substantial erections she would 
come ont heavier than the three-decked ship, and that the raised qnarter- 
decked sJiip, if she was not highly favoured, both as regards the value of 
her erections in fixing her load-line and as regards the small amount of 
longitudinal strength requii-od in that type, would be heavier than cither 
of them, However, one thing was plain, that comparlBotis of weight as 
well as of strength between different types depended altogether on how 
they selected the relative proiwrtions of the ships they compared. He 
would just by an cxauiplnshow the influence of length on ships. Aasnme 
a ship of a certain lenirth and given transverse dimensiona; — 

Call weight of Bteel = W. 

Ijoad displacement = T). 

Tons per inch iramereion = T. 

Length of ship = L. 

Increase of draught in inches per 10 feet decrease in length = n. 

Now shorten the ship and make her length = Lj. 

For the sake of simplicity he assumed that the weight varied as L 



V L, then weight of shortened ship = W : 
of shortened ship = D x |~' + —— -' x n 



■•i/h, 
V L' 



of shortened ship = - 



'^n 



and displacement 
displacement 



10 



Make D = 10,000 tons. 
„ W= 2,000 „ 
„ L= 400 feet. 
„ T = 40 tons. 
„ n = 1*6 inches. 

Shorten the ship say 70 feet = L — L„ and , 



diip f.13fi feet) = 



2,000 X Vlgg 
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Thus by maidng the ship 17-5 per cent, flhortor he had reduced the 
weight of steel per ton of displacement from 20 per cent, to 18 per cent, ; 
and HB the value of steel to total displacement for most cargo steamers 
bailt on this coast lies between these ttro limits, lb proved that by selecting 
their proportions favourably, they could get any steamer or type to be 
lighter or heavier than another according to their requirements and the 
purpose they had in view. He therefore believed there was very little 
in the weight to choose Iwtwcon the different tjpea ; but as there were 
any amount of spar-deeked and raised quarter-deok steamers built, and 
only few three-deciced ones, there must exist other and more im- 
portant reasons that induce«l the shipowner to choose the former types. 
As he Rould not possibly mention any of those reaaons without following 
Mr. Bergstrom into the domain of stability, freeboard, reserve boayancy, 
cubic capacity, etc., and aa his remarks had almost taken up the allotted 
time, he must abstain from discussing the relative merits of the different 
tj'pes in other respeots than in longitudinal strength, although such an 
one-sided comparison must necesearily be very incomplete, as the other 
considerations which guided the shipowner were of altogether greater im- 
portance; in fact of such importance that the matter of more or lees 
strength was, he believed, in the minds of most owners, not at all con- 
sidered ; and for that argument he had no stronger proof than the 
apparently great liking for the weak and favoured raised quarter-deck 
Bteamer, which so many Bhipowiiers seemed to entertain. Finally, 
although he could nob agree with Mr. Bergstrflm in some of his con- 
clusions, he fnlly appreciated the amount of work involved in preparing 
his paper ; and believed that this Institution should consider them- 
eelvea fortunate in having in Mr. BergstrAm a member who, in his own 
spare time, for the love of science and his profession goes tlirougb that 
unlimited amount of work involved in the pi'eparation of such a paper as 
that which they were now discussing. 

Mr. H. Maooli. said the paper had been discussed from a variety of 
standpoints, and with a very considerable variety of opinion. They had 
bad arguments for and against the present style of well-deck ships ; but 
the tact was that ships of all classes nowadays were borrowing the best 
qualities one from the other, and it was difficult now to tell what was the 
typical well-deck ship and what the spar-deck ; and the flnsh-deek vessels, 
which a great many people were anxious to have, were gradually being 
improved out of eiistcnce by the addition of structures, such aa bridge, 
poop, and forecastle. They were told by the advocates of these 
deck ships how very much better they would be if these erections 
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made larger and stronger. Well, that was all very well, bnt if they 
started from a fair type of the well-deck ahip, let them have a fair 
type of the spar-deck aad three-deck ship, then, he thought, the com- 
pariaoQ would stand upon much more equal terms than at present. He 
thought uiidae advantage had been given both to the spar-deck and 
three-deck vessel in the paper. That being so, he did not think the 
comparison exactly fair, and he took rather a different view from the last 
speaker. His eiperienee in veaseb was not very extensive certainly, bnt 
as far as it had gone he had kept hia eyes open, and ubst-rved that Bome 
flush-deck ships seemed to strain more and damage their l)oats and 
eructiotiB much more than the well-deck ships, An awaing-di^cked ship, 
he knew, of very fair proportions — aboat ^!I0 fei't in length by -Hj ft-et In 
breadth, and something like 20 feet to the main deck — had carried awny 
her boats several times to hie knowledge. A well-deck ship, of practically 
the same proportions, had never yet damaged her iKMits after rnnning 
several years. Now, snch facts were difficult to get over, and the well- 
deckers carried their cargoes and people on board with greater safety than 
any other type. Therefore, unless they had some valuable pointe, that 
could not- be the case. Of course, if they exaggerated the matter, and 
went into very large vessels, he did not know, and would not prophesy, 
what would occur ; but to his mind, the present style of well-deck ships, 
when properly designed and constructed, were good still for most general 
cargo purposes. It could not be foi-gotten that the greater proportion 
of the carrying trade in their own and other countries was d tad- weight. 
In the command, therefore, of many harbours light draught was a con- 
sideration, and for dead-weight and light draught nothing could suipuas 
or equal the well-deck steamer. One matter which demanded considera- 
tion was that the improved well-decker was partaking in some of the 
faults of the flush-deck ship, having so largo an extent of the vessel 
double-decked. In the case of shifting cargo, that was rather a dangerous 
property, as cargo was never so well stowed in double decks. Of course, 
stevedores could, and did, stow ships exceedingly well, but they did not 
always do it. Sometimes they would tell that wherever there was a space 
below deck wanting tilling np they stuck a bit ul coal or cargo the exact 
size of the space into it. That was all very good when this was done, 
bnt when they had a vessel with cargo indifferently stowed between decks, 
and the vessel listed or rolled heavily, all the advantage they got of 
larger range of stability due to the erections was more than counter- 
balanced by the tilting of the cnr^o and the centre of gravity of a 
shifting isirgo going more rapidly t« leeward than the length of the 
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y^MA^jiu wm curved ^/m fancier u/radi the ado. Tbii would iacremt 
ti^. vs^^t ^xjwsAinUj. vA m^ke tbs TeneJ s&fer. Ai to the wpmr-daek 
r^sm^A, wixlt$ ymiJ^ erwtioai it m-^st ikX be forfoucn ther goc Terr little 
40D*Kkntk/n 10 tbe fre^^Ard, for ti«e erections were independeoi of ftee- 
b^AfiJ. f f tb«7 did obtain anj advantage in freeboard, it must be faj 
^r<:i^r Ktrenjrtb, and oeceB%rilj ereat^r weigrht in the stractnre — thcj 
riiUjit incr<:ii«^ the ctcaijiiin^ to paffi at Llord'fi. He thongbt Mr. Berg- 
¥:\h\u \iii/\ (.'''''-n th^in a v^rrr w5/;;fal and interesring paper, and be thanked 
him for th<; v^^rrr valriable iutonuaiion it contained, and he hoped it 
would not \fft thf; lant offiuch fjayjers. 

Mr Oko. N. y\kMHO.v, Jnn., obs^^rve^i that the position he occnpied 
HH nrarvlH tfio ^jur^mionH as. to whether the well-decker had been too 
fhyouniMv, or fiK to wh^thor it had l>'.-en unfavonrably, compared in Mr. 
IW.-rp^htrorn'H fnifxir, waH ftlK>nt midway. It seemed to him that there was 
oVuh'Ucft of an impartial (^onnideration of* the three types of vessels. He 
(fonid not, ihcjc.Utnt, af^roe entin;ly with either of the preceding speakers, 
t'X(U'.\}l in the recj^jj^nition of the lar^e amount of time and labonr 
rxp^Mided in i)r(*parinf( the paper. 8nch contributions to the Institn- 
l.ion*H pro('oc(lin{(H w<!ro very laborious to compile, involving as they 
did rlaborat^' calculationR, and thus the question of the structural 
Htrcn^'lJi ol" vrsHclH wjiH a Hul)j(?ct not frequently chosen for consideration. 
II(^ (Mr. ArnJHon) was not aware that there had ever previously been 
thn-t^ tyni(!al stcaincrK compared in the manner that they had been in 
Mr. iUT^Htn^nrH \)\iim\ The writer had not, however, contented him- 



DISCUSSION— STnUOTURA I- fiTBENQTH OP CAH«0 STBAMKRS. 



self with coDsidering the question of " strength," he had also gone into 
the <]ueBtioii of "slahility," and by amalgiimating the two subjects 
tc^ther, added considerably to the intercBt of the paper. Mr. Berg- 
etrfim appeared to be exccBsively modest when he apoke of it aa Iwiog 
" incoraplete," althongh, no doubt, na lie suggested, there is sufficient 
scope for a further contribution on the " strength of vessels," Seeing 
that Mr. Bergstrdm'a paper was the outcome of steady application, and 
that, doubtlesB, every care had teen taken in seeing that the caluulationa 
were accurate, there was, after all, not much scope for discussion. 
Previous speakers at West HartleixKil, and Mr. Iliik that evening had, 
however, endeavoured to show that the "well-decker" had had an unfair 
advantage as compared with the "three-decker" and " apar-decker." 
He (Mr. Amison) was not inclined to agree with these views; on the 
contrary, it appeared to him that the comparisons were, on the whole, 
fairly impartial. In several passages in the paper it is evident there ia 
no biaa in favour of the "well-decker" or against the other typical 
vessels, f.q. — " As regards the density of homogeneous cargo, the writer 
is of the opinion that a letter ship than the spar-deck type could 
hardly be designed, as her density, being the medium between the 
other two types, enables her to fill the holds with cargoes which would 
not immerse the three-decker to the same draught of water, while the 
well-decker in carrying the amne earyo an the gpar-decker would also carry 
a considerable amount of empty space. The disadvantage in either case 
is evident." Again, " There is no doubt that three-deck vessels are 
afloat with very little stability, and probably this want of righting power 
and range of stability have been the cause of the loss of some of this 
class of steamers. Bnt it will not do to condemn the type on this 
point before knowing the reasons why, and this want of stability 
could easily be traced to deficiency of beam in those three-deckers. 
The present comparison /.» a svffident proof Ihaf a three-deck tieavitr etin 
he ivilt ifith n fair amount of slahilitij if of reasonable proportions to 
snit the design." Again, " Tlie la*t t'tmin in the table are t/ie trims of the 
vessels when londtd homoyeneouslij. There is nothing remarkable about 
them except that, supposing the trims of the well-decker to be the actual 
trims, the spar-decker e^ehibitst less tentknry for trimnung hy the head 
than the other types, notably the well-decker." Other instonees could he 
quoted, but these will suffice to show that there is no special pleading 
for the " well-decker." Objection had been taken that Mr. Bei^8tr6m 
in comparing the three typical vessels had fixed on the length, beam, and 
dead-Weight capability in each instance. In such comparisons it was 




•mi ic Ob. 



• *t Im^ttml ^ma^ It «• • 



Mad Am m 
•*ii^Statm 









S*aSliiipBaal.ik> 



It weoU tfca >ffe>r tiic fink iii i i i ri i fH » acHlr 20 per eoL iliiMmt 
Una die tbne^edxr. aad pnr 25 per oenl. in eieeea oF tbe 
nacL Tbe cuiiw | wiii1 fi ig fnmiariioii of ibt itgpiig itniu a not eo 
hrowaUe to Ifae weD-decker, in which iiutance the mazimiiin oompiw- 
4oa in tint nasi eligfatlj eicc«d« that in the other veneb, bnt inns- 
DOCh M the greeuet mniii doe to eaggiog onjj reaches 4 toos jier 
■qnare ineb in aoj of tlie reaeels. whereas the tenn'Ie strain dee to 



I 



J 



DISCO BalOH—STUUCTC HAL BTRBNQTH OF OAROO BTEAMEHS. 2* 5 

hogging runs hh high as 6-18 tons per square iiich, it m evident that it 
is more probable the latter strains will bu most tikuly to produce a per- 
manent roBult. Indeed, in these vessela the sagging Bti-ains might almost 
be dropped out of view, the hogging being taken as the crucial compara- 
tive test. If this be bo, it appears the well-deck vessel bod nearly 20 
per cent, less strain per square ineh of sectional area than Che three- 
decker with bunkers full, and about 13 per ceut. less strain with buokers 
empty, the uorrespondiDg tigures compared with the spar-deck vessel 
being slightly above i!5 and U! \kt cent. In considering these figurtss, 
which on firet eouside ration might appear to overstate the strength of 
the well-deck vessel, it must be remembered that the bridge or hurricane 
house was can-ied forward to the foremast, and obviated the objection of 
the sudden break amidships at the forward end of the bridge of the older 
type of well-decker. He (Mr. Arnison) was, however, in perfect agree- 
ment with Mr. Macoll in pronouucing against such abnormally extended 
bridges, so far as regards the vessel's seaworth loess. As regards the 
break at the after end of the bridge, owing to its less extent of depth with 
the raised quarter-deck arrangement, there never had been so much 
dithculty experienced as at the forward end as to the continuity of the 
Btmctnre. In considering the results of Mr. Bergstrflm's calculations, 
be (Mr, Arnison) had had brought forcibly to bis mind that it was 
evident that seagoing vessels were at present being constructed much 
stronger than was cnstomury twenty years ago. In a paper read by Mr. 
John, then of Lloyd's Register, in 1871, it appeared that a steamer of 
S.OUO tons had as high a tensile strain due to bugging as S tons per 
square inch. In Mr. Berg8tr6ra's paper a vessel of 5,OU0 tons displace- 
ment as at present constructed has only 6 tons per square inch. Twenty 
years ago irou was, however, the material employed, and it had a breaking 
strain of about 16 to -JO tons per square inch. Now, steel had displaced 
iron, and its tensile breaking strain was from 28 to 32 tons )>er square 
inch. Thus the factor of safety had increased from 2 and il; to at least 
4 to 5. This was a very great difference and an important Bt«p. The 
improvement v/aa not, however, altogether due to the use of steel. A 
better distribution of material hod hod largely to do with this progress. 
Twenty yeare ago iron or steel decks for structural strength were not 
adopted to any extent, bat since then the classification rules of Lloyd's 
Register had been considerably altered in tbls and similar details. Such 
papers as that under consideration were of material importance in leading 
to a proper distribution of material, and they should feel under a debt of 
gratitude to Mr. Bergstrom for having prciwitd it. 
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Mr. Robert Thompson, being invited from ihe Chair, said he had 
not come prepared to make any remarks npon the paper. It was a 
Taluable one for disenssion, and in a question of three types of vesselB 
such a discussion might be very much extended. They had bailt vessels 
of the long raised quarter-deck type, and also on the three-deck, flash- 
deck, and spar-deck rule, and it was, as Mr. MacoU said, a remarkable 
fact, that shipowners always seemed to come back to the long raised 
quarter-deck ship ; and he had no doubt, from their own experience, that 
the long raised quarter-deck ship, as now built, was quite strong enough 
for all practical purposes. Some time ago there had been cases of slight 
local weakness in such ships, loaded with heavy dead-weight cargoes, 
these vessels falling in with very bad weather. What surprised him was 
the very small amount of strength added, and from that time to this 
there had been no further complaints of that type of ship, which showed 
that, as far as strength went, they had been well built, and that the 
amount of material in them was sufficient for the work they had to do. 
When they went into types of ships there were diflPerenoes of opinion 
about trimming the cargo, and that, he found, was why well-deck ships 
were designed in preference to others. People were, however, copying 
the good points of one and adding them to the other. In point of 
strength, he thought the three-deck ships, built with the improvements 
of the well-deckers, substituting steel for wood decks, would be stronger 
than the long raised quarter-deck ship. He thought the well-deck ship 
and the three-deck ship, as shown in the paper read, had all the erections 
they should have as built at the present time, but the erections of the 
spar-deck ship were very limited. He rather questioned the correctness 
of some of the figures with respect to the freeboard. He thought in two 
of these tyjK'S it should l)e reduced, the long raised quarter-deck ship was 
about right. A ship of 290 feet by 88 feet, 22 feet 3^ inches depth 
moulded, 1,875 tons, he thought certainly a very light weight, and, so far 
as comparing with his own experience, he did not think they could do it. 
If they reduced the dimensions of the three-deck ship and the spar-deck 
ship to give the same dead-weight as the quarter-deck ship, that is with 
reduced freeboards for the two first-named types, as mentioned above, and 
added the weight which, in his opinion, ought to be added to the well-deck 
ship, then they would have a comparison very much alike as far as the 
strength went, and it would alter the figures, showing the various strains 
and strengths and their proportionate relations. Papers like this, however, 
were what they wanted, and he would like to see their thorough discussion 
on the facts and figures before them. He was sorry his own time had 
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been BO mnch taken up that he had not been able to ro into it as fully as 
he might have done, but, in his opinion, the Institution wanted paj-era 
lilte this one by Mr, Bei^atrfim. and he Loped it would give rise to others 
of the siirae deseription. 

The Prksiuest — Mr. Thompson had complained that these papers 
had not the full discussion they ought to have ; perhaps some gentlcinaii 
would endorse that opinion by apeftking more fully ? 

Mr. Thompson — I ought, perhaps, to i]ualify that by saying, 
diHcussion bearing more upon detail and calculation, rather than 
generalisations upon the different tyjies. 

The President — I quite understood that. He would now call npon 
Mr. Bergstrflm to reply. 

Mr. Bekqstr6m said it would he rather difficult tn take up nil the 
different opinioua expressed npon the contents of his [laper, but it Kcemcil 
to him if he rejJied to the remarks made at the opening of the discus- 
sion by Mr. Trewent, he would, in a general way, reply to most of 
what was said by other critics. Mr, Trewent espressed Burpriac that 
the three-deck and spar-deck vessels had not been pat tbrwai-d by the 
writer 33 the superior vessels ; and doubtless, it is a matter of siirpiise, 
not only to Mr. Trewent, but also to the advucatoa of these tygtes to lind 
that the so much abused well-decker can hold its own, in fact in many 
poinbi excels, in the comparisons made. Mr. Trewent went on to say 
that in his opinion the only constant should be the detul-weight carried, 
and all other factors made to suit. Bnt, he thought, under such condi- 
tions it would not be a comparison at alt, and was certain that most of 
the shipbuilders present would agree with the B|)caker in saying that 
unless three out of the four main items, namely, length, beam, depth, 
and carrying capacity were taken as constant, a comparison of this kind 
was of little or no vahie. 

Why a type such as the well-deck could not go all round the world 
he failed to see ; ships of the other types were more expensive to build, 
but it was evident that the extra cost in building the spar-deck or tliree- 
dcck type did not tend to make them stabler, more seaworthy, or even 
stronger than the well-decker, and thus the type was no guarantee in that 
respect, Tbie was further demonstrated by the remarks made by Mr, 
Yeoman. As regarded the sttibility of the three-dock vessel Mr. Trewent 
had seemingly only glanced over that part of the paper, as it was clearly 
pointed out and demonstrated not only what the stability was in the 
Tesecl, with the present erections, but also what it would have been if the 
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bridge had been cloBed at both ends. That the bridge in the sx>ar-deck 
steamer was only taken as 20 ft., he could only say he did not see any 
reason for making it longer^ thereby adding weight and expense to 
no pnrpose. Besides the comparison would have been valueless, for a 
spar-deck steamer with erectiouH was no longer a flush-deck steamer, as 
the name implied, and as the object of the paper was to compare the 
well-deck, three-deck, and spar or flush-deck types — he did not think any 
other kind of flush-deck steamers were built nowadays — the well-decker was 
simply converted into a three and spar-deck steamer respectively, bearing 
in mi ad they had to carry the same dead- weight and to be built as cheap as 
possible. Mr. Trewent was quite right in assuming that the bridge in the 
three-decker had not been taken into account in the strains given in the 
table. It had not, however, been his intent to ignore it entirely, and had 
not Mr. Arnison, in a very lucid manner, called attention to this objection, 
he (Mr. Bergstrdm) would have done so in his reply. He was very 
pleased to hear that Mr. Trewent had taken the trouble to investigate 
the matter, though he could not quite agree with his results, as he 
(Mr. Trewent) said, had the bridge been taken in the strains would 
be reduced something like 20 per cent. : about 10 per cent, would have 
been more like the thing, seeing the bridge deck was severed nearly its 
whole length by the casing passing up through it. He would have liked 
to have said something more on this point, but seeing there was another 
paper to l>e discussed that evening, he would pass over to some of the 
remarks of other critics. But before doing so, he would thank Mr. 
Trewent for the interest he had taken in the paper. 

He really did not know how to suitably answer the criticism of Mr. 
Courticr-Dutton. Mr. Courtier-Dutton seemed to have mixed up the main 
and upper decks, and he would like to ask him what the thickness of the 
the main deck in a three or spar-deck vessel has to do with the stiibility ? 
If he had looked more closely into the matter he would have found what 
was Biiid in tiie paper about the freeboards was quite correct. He was 
quite amused when he heard Mr. Courtier-Dutton say, if Mr. Bergstrom 
had looked more carefully into the tables, etc., as it seemed that it 
was Mr. Courtier-Dutton who needed to look into those tables more care- 
fully, as the freeboard of a three or spar-deck vessel is not measured from 
the main deck, which was the deck referred to in the paper. The 
wooden main deck in the three and spar-decker had been a great boon to 
some of the speakers, iis without it, he was afraid, the discussion would 
have been rather limited, lie was very much surprised to find so many 
of the speakers losing sight of the plain fact that the paper was a com- 



L 



UIS0TI8SION — STBDCTUIIAL STRENGTH OF CARGO STEAMERS. 279 

parison of the three typM under the conditions set forth at the commence- 
ment of the paper. There is a pogsibility that had the dimensions and 
carrying capacity been smaller or larger the comparison between the 
thi-ee types might have turned out very different. If he was not very 
much mistaken, Lloyd's allowed a redaction in the freeboard when two 
iron or steel decks were fitted, provided there is only one required by the 
mles, and had he taken the main dock in the three and spar-deck veflsela 
to be of stiel. and supposing 2 inches had been granted in the free- 
boards, he would certainly have made the vessels 2 inches less in depth, 
as the caiTying capacity had remained intact. He did not think this 
would have improved matters — quite the contrary — besides, the wood 
deck with the wider stringer plate and a 14 x Jg inch tie plate 
Fanning fore and aft would count something, as adding to the longi- 
tudinal strength. Mr. Hiik appeared to be dead against the well-deck 
type, with its dangerous break, and insisted upon a more efficient 
way of strengthening this break before comparing her with the other 
types. He did not think there was a great scope left for improvement 
in the strengthening of the break, aa lately not only Lloyd's, but many 
builders have done all they could to compensate for this break of the 
main deck and he thought they had succeeded very well. He wonld 
advise Mr. Hok to leave the three-deck and spar-deck types to look after 
themselves for a white, devote his time to a careful study of the well-deck 
type of ship, and when he had fully solved the questions involved he was 
sure the Institution would be pleased to have placed before it the resalta 
of his investigations. 

Some of the speakers had touched upon the question of light weights 
as given in the table. Well, since the well-decker treated in the paper 
was biiilt about a year ago Lloyd's had increased some of the scantlings 
and other requirements considerably ; in fact, the same vessels could not 
be built over again without allowing for at least thirty tons more 
material. This must be the well-known brook Mr. Courtier-Dutton was 
looking for, aa Lloyd's seemed to increase their aoantlinga, eh:., every 
now and then, and it is difficnlt to surmise where and when they intend 
to stop. 

Mr, Thompson thought the freeboards of the three and spar-deck 
vessels might be less, t>'hile that in the well-deck was right. He would 
like to point out that the freeboard for each of the three types was an 
inch too much, and the vessels could be immei-sed another inch. This 
was done for convenience sake, aa all the particulars of the well-decker 
referred to her, with 2 feet freeboard ; whereas she actually sailed 
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with 1 fool 11 iaches. He did not eappoae this would mnteriallv nffoct 
the comtMirisoTi, os the Bnme appliwl to oich of the three typea. 

In briefly summing up the different opininns by the varioua speakers, 
be could not help thinking most of them tended to favour the three and 
spar-deck types ; though Mr. Macoll irave an incident of an awning- 
deck vessel carrying awoj her boats and other deck eflects OQ several 
occasionB, whereas a well-decker of the same dimensions behaved like a ] 
good child. This was not surprising as far as the ikwning-decker tvaa ' 
concerned, considering her proportions ; bnt be could not quite see bow 
the wcll-dcckor munagt'd to eavo her bouts and similarly tempting 
targets for the seas, unless slie manned to escape euch bad weather aa 
the awning-decker seemingly met with ou several occassions. 

lie lieggcd, in conclusion, to thank those present fur the friendlj 
and — but not least — instructive way in which they had shown their i 
interest in the iMiper. 



Note. — In reference to the graphical table of comparison (page S2S) 
ihejiyures on Ihs bottom line of Plate XXXIII. fwrespond mlh those in 
the left tuiiul rolwim of the table of ro?nparieons, nnd the vtrtiral traUa 
rorreiqmiid v>ilh Ike three rolnmnx on the riijht, nnil t/mote 1 to 10,000 aa 
the ease may he. 
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DISCUSSION ON MR. BOYD'S PAPER ON THE "WEIGHT OF 
MACHINERY IN THE MERCANTILE MARINE." 

The President said, that before beginning to take np the pereonal 
discussion, they had two contributions from membere of tlie Institution 
— one from Mr. Blechynden and another from Mr. Hall-Bi'own. It had 
been their custom to read contribntions of this nature, and he thought 
from the reputation and distinguished position of the two gentlemen 
whose names he bad mentioned, they would be glad to have their views 
read by way of opening the diBciiBsion upon Mr, Boyd's paper. 

The following communications were read by Mr. B. G. Nichol, for the 
Secretary ; — ■ 

COHMDNICATION FEOM Mb. A. BLECHTNDBK. 

In his paper on the " Weight of Machinery in the Mercantile Marine," 
Mr, Boyd has approached and dealt most ably with a subject which mnat 
be most interesting, not only to those engaged in the construction of 
ships and their propelling machinery, but to all interested in the mercan- 
tile marine. 

As I take it, it is qnite obvions that there mnst be great advBnt^;e 
in redacing the weight of marine machinery, so long aa this can be done 
without crippling efBciency, The question for discussion appears to be the 
extent of that advantage, and how the reduction of weight is to be achieved. 

Briefly the writer mentions two methods : — 

1st. By change of design and material ; and 
2nd. By increasing the apeed of revolntions. 

Hitherto the first, viz., the adoption of the type of engine commonly 
tiaed in the navy in place of the ordinary mercantile type has offered little 
temptation to shipowners, bnt rather the reverse, and its greater relative 
cost seems an effectual bar against its use, except in some very nnusual 
cases t I shall therefore pass it by. But the second is apparently bo 
advantageous that it is well worthy of thorough discussion. 

Parenthetically, I observe that the writer speaks of " increase in piston 
speed" as "the greatest and most important factor in the problem of 
reducing the size and weight of engines." This is wrong. It is not 
piston speed, but speed of revolution. Speed of piston has nothing wbat> 
ever to do with it excepting in so far as it may be affected by its factor 
revolntions per minute. 

This is ao obvions that it would be frivolous to refer to it, were the 
expressions not so commonly used, apparently as being aynonymoua and 
equal in value. Piston speed amy be doubled by simply doubling the 
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etroke, the revolntionB remaining the e&me. The result ivocld be ■ con- 
Biderably heavier engine with increaBed power— possibly an engine rela- 
tively heavier when compared with power than before : but, doable the 

weight remainH the same, the weight relative to power is haired. 

Hut to return to the consideration of the proposed raeans of i-edueing 
weight. I accept the figures for the weight of the basis engine as gener- 
ally agrceiug with average practice, but in stepping to the Emaller engine 
1 believe too great a reduction of weight has been made. ^^ 

To concentrate ideas, let us estract the particulars of the basis and^H 
the reduced cngme with natural draught from the table:— ^H 




Knito,, 


OirHDdon. 


•^ 


&• 


Wdght 


Speed. 


W^. 


— ■ 


litltedDced ... 


23". S7", 60" 
21", 84", 66" 


W" 

86" 


76 
96 


£56 
218 


H 


SSloiu 


£i.<a>|^| 


Now, the parts of the machinery whose weight* should be reduced are 

as follows r — The engine ^wf se, with its pumps {but not condenser), the 

> shafting and appendages, the pro])ellcr, spare gear, tools, and some of the 

platforms iilwut the engine. As the efficiency of the eogiuo ia to be ^H 
maintained as before, I assume that it will be recognised that the con- ^^M 
denser, its pipes and sea connections, and the steam pipes and other ^^1 
connections with the boilers, miiet remain as before. It must also be 
remenabered that the cylinder ports, valves, etc., must be larger relatively 
to the cylinders, than in the basis engine, SO that the cylinders of the ^^ 
reduced must be heavier relatively to their capacity than in the case of ^^M 
the basis engine. The shalting would also be reduced in weight only in ^^M 
proportion to its decreased ai-ea, its length would remain as before. 
Taking these matters into consideration, I estimate the reduction iu 
weight for the smaller engines as not exceeding 20 tons, which calcula- 
tion is substantiated by comparison with the details of engines actiiaUy ^H 
made and weighed. Taking the reduction in cost juo rata, it is £740 ^H 
instead of £l,40u. ^| 

Even on this estimate it would, however, seem that the advantages of 
such an arrangement to the shipowner would be considerable, via., a 
reduction of l'O tons in weight of machinery, and of £741) in coat and ^. 
an annual gain of £120 for the extra 20 tons dead-weight capacity. ^H 
L These would be considerable advantages if realised. ^H 
^^^^ Tin tt, f.hk pnint, BPVPrul BHvAtiljip.-!i hnvp )iPi.n Bhfiwn in f«v<inr nf t.ho ^B 
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Ihe smm md 


caled 


horse-power. 


But 


as the power is ^H 
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developed for the pnrpoBe of propelling the veBsel, it becomes necepsary 
to carry the diecuaeion a stage further before the problem is really solved. 

It must be carried from the cyhndeie to the end of the propeller 
ehail. In short, we have not to compare these seeming advantages with 
the power developed in the cylinders at all, but with that proportion of 
it utilised in propelling the vessel. 

This involves the consideration of n matter {i.e. the efficiency of the 
propeller) which has been charsfterised as a " collateral question which 
could only indirectly affect the main points." It is of no consequence 
whether it affects the main points directly or indirectly : it does affect 
them, and sometimes very seriously j therefore it demands consideration. 

The writer has avoided this factor in the problem with the laudable 
object of narrowing the limits of argument, and gi\-eB his assurance that 
with suitable modifications in the propeller's design, the power would be 
used with equal efficiency in the case of the high as with the low speed 
engine. Kotwithstunding this assurance, I must confess to having very 
grave doubts about it. It is uufjueatiouably true that in some in- 
stances it would be possible to make such a modification in speed of 
revolution by altering the propeller's design without maberiaj loss, pofisibly 
with a gain of efficiency, but it altogether depends upon the stage from 
which the start is made. Unfortunately, the treatment of this part of 
the subject as an unimportant matter has led the writer to avoid giving 
the proportions of the basis engine's screw, so that it is impossible accu- 
rately to estimate the difference of efficiency in the two cases, and to 
assume a propeller is rather like setting up the proverbial man of straw ; 
but fhim the general aspect of the case, I should eipect the higher 
number of revolutions to be accompanied by a loss of efficiency, and it 
might not be uninteresting to show how very small a lose would entirely 
nullify the estimated gain. 

I assume the following : — 

l.H. P. of liaius ouxiiic on VQjraga ... 1,150 

Moan speed an voj'a^ 

Coiiiiliii[itioii of cool per I.U.P. per Uour ... 

Leogtli of *ojiig(j, one waj' 

Steam i Of; time ., 

VesBel'gKctuBl atcaming lime per &DDU1II ... 

Blinker coul will be carried for tme niij otilj'. 

ATerage price of banker end pat on buurd 

Interfat on capital, per cent, per aunum ... 




knots per boar 
Iba. 



Depreciation „ „ 

Repairs a«aumed eqaal for the lighter liigb epeed 
ip««d engine. 



.. £7 10».V 
... £7 108.) 

s fur the lieavj 
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It is taken as a fixed condition of the problem that the epeed moet bs 1 
maintained constant, bo that if any modification of the machineiy d«^ \ 
crcascB eflicieiic;, some other changes must be made to ensure a bighei 
indicated power, so that the power utilised in pi'opulsion is maintained 
constant. Thus, indicated power must be increased in inverse proportiooH 
to the efficiency. 

In making the calculation, the reduced engine of 21 in., 84 in., and 
55 in. cylinders by SG in. stroke, and boilers with 3,000 scjuare feet heating 
surface, have been taken as the starting point, as it appeared tlie simpler 
method to work backwards, increiising size, weight, and cost of Uie 
machinery and the coal consumption in proportion to increased power. 

Ooat of machinery has been taken as proportionate to £1.400 for 38 
tons throughout. This is not quite correct, as Mr, Boyd was dealing 
with engine alone, while we are now dealing with the whole machinery ; 
it is, however, near enough for the pnrpofe. 

Eflidency is referred to the basis engine as a standard, not to absolatk 
perfection ; for example, 1 per cent, decrease means that the efficiency ii 
99 per cent, of the basts engine. 

Table showing decrease of annua] value to the shipowner for I ] 
cent, decrease of efficiency ; A on the aeeiimption that the bigh Bpoedl 
engine is 218 tons weight ; B that it is 236 tons weight or only 30 tong'l 
less than the basis. 




1 — IncroiBeil weight of machlnoij ... t 

2 — ,1 „ of coal uBid per annum 

8 — „ „ „ wlicn lenving port ... 

4 — Decreased dead-weight capacity (1 +3) 

G — IncPeaaed price of machinery 

G — „ cost of coal used per aniiDm 

7 — latereit on increased price of machinery 

8 — Iniutance ., „ „ 

B — Depreciation „ „ „ 

10 — Decreased freig-ht 

11 — Decreased annual value to shiponncr (addition G to 10} 

Now, compare the annual loss for decrease of efficiency with 
estimated annnal gain through decreased weight. 

Under (Aj we have £1,400 at 20 per cent. = £280. 
And 38 tons dead-weight at £6 per ton = £228. Total £608, 
This would be balanced by 6'252 [wr cent, decrease of effioency, 
£81-252 X e-252 = £508. 

Compare with the condition (h). 
We have £740 saving of price at 2(1 percent. = £148. 



s 2-18 2-8fi 

442 44-S 

3-157 SIBT ' 

6-337 5-B17 

£80-i 87-00 

£3316 33-16 

£403 4-36 ^^ 

£603 6-426 ^H 

£603 6'425 ^H 

£33022 88-102 ^H 

ei-2S2 S3-4GX ^H 

Gcioncy with tlu^^l 
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And 20 tons dead-weight at £6 per ton = £120. Total £268. 
This wonld be balanced by 3*21 per cent, decrease in efficiency, ».*,, 
£83-452 X 3-21 = £2G7-88 per annum. 

The figures assumed for the price of coal, inmirance, depreciation, etc., 
may be a little in eiceaa or defect of those actually obUiining; but they 
are sufficiently correct to show how small the decrease in efficiency need 
be to balance the estimated gain. 

It must not be forgotten that there is the greater economy in the use 
of steam in the high speed engine to set against any probable loss of 
propulsive efficiency, but I should hardly expect this gain to go far ae 
compensation. 

Lack of time prevents my giving Mr, Boyd's other figures the 
attention which I should desire and Lhey deserve, but I may point out 
that I also consider the decrease of weight (in the engine part at least) in 
the first case in the table overstated, and that the j knot gain in s{)eod 
in the cases of the lost two in the table is about ^ knot too much, assum- 
ing that the propellers have equal efficiency with the basis, and that the 
power varies with the cube of the speed. The calculation baa evidently 
been made on the sijuara of the speed. 

These cases may also be affected by the variation of the propeller's 
efficiency so as to cause a reduction of even the remaining i knot of 
supposed increase, but one is equally at a loss to judge of this as in the 
case of the smaller engine owing to want of information respecting the 
propelling insbrament. 

In fine, so foi' as the advantages estimated to be derived from the 
adoption of the smaller engine are concerned, I hold that the matter is 
enshronded with the gravest doubt, and that though the last two may be 
belter cases, they are, as I have [xiinted out, over estimated to the extent 
of at least ^ knot. 

So far as the principle of high speed of either piston or revolutions is 
involved, this itself should present fittle difficulty provided proper 
precautions are taken in the design and construction of the engines. 
Mr. Boyd has allowed for increase in bearings, etc.; there is, however, 
another increase which the cautious buyer ongbt to specify, viz., an 
increase in what is nanally called the f^tor of eafety lefarred to the 
statical basis. 

It is evident that if the number of revolutions of a given engine are 
doubled the fatigue of the material dne to shock must he also doubled in a 
given time. Similarly, if we go to higher piston speeds we increase the 
inUnsity of the shocks, if not their number, in a given time, and the 
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material is more rapidly fatigued and trorn out, like poor hamatuty nnder 
similar treatment, and besides all this if an accident should happen with 
high speed it Ja calculated to be much more serious in its results than niih 
low speeds. All this points to the necessity of a considerable increase in 
the safety factor. Those who have had most to do with high speed 
machinery know how important this is. Oarefal selection of material bj 
lest is also a sine qua twn. 

A. Blechtndbm. 
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COMMUSICATION FROM Mr. E. HaLL-BrOWK, 

Deau Mr. Ddckitt, — I am sorry I will be unable do be present'u 

the discussion of Mr, Boyd's paper on Monday evening. 

I would like to express the pleasure the reading of the paper gave me, 
and if in the followiuf; remarks I somewhat differ in opinion 
Ur. Boyd, I am none the leas indebted to him for the valuable jnfoi 
tion given in his paper. 

I will not attempt to toach the boiler question; but will content 
myself with making a few remarks upon the alterations by which it is 
proposed to reduce the weight of tbe engines There is no question 
whatever as to whether the average weight of engines in the mercanule 
marine can be reduced or not, as Mr. Boyd pointN out, it is merely a 
question of how far it will pay tbe merchant shipowner to do so. 

What then are Mr. Boyd's proposals ? They chiefly amount to 
increase in tbe speed of revolution of the present type of e 

At this point I would utter a protest at the loose way in wbicb 
engineei'a speak of " piston speed." We find in the pi-esent paper this 
term is used to compare engines which may, for anything stated on the 
contrary, have had very different speeds of revolution. Now, I eubmj^ 
that to compare piston speeds of various engines without regord to 
speed of revolution is as good as making no comparison at all. At assy' 
rate such a comparison am have no bearing upon propulsive efficiency. 

Mr. Boyd differs very greatly from the opinions expressed in the paper 
which I recently had the honour to read before this Institution. He 
point* out that the engines which drove the screw in the ship " C " had 
only a piston speed of 422 feet per minute, which, he says was the 
practice ten years ago with two crank compound engines. Well, and if 
it was, what then ? The speed of revolution of these engines was made as 
high as my firm considered would allow of the propeller working at or 
near its maximum efficiency. Mr. Boyd evidently considers this aU 
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nonsense; he says he has obtained excellent results with a propeller 
ronning at 75 to 80 revolutions in engines with 89 inches stroke, and is 
of the opinion that this could be further increased. Now, will Mr. Boyd 
pardon me saying that all this has nothing whatever to do with the 
question ? I have had excellent results with propellers running up to 85 
revolutions with 48 inches stroke, and I know that this is exceeded 
every day, but with very different type of boats from that mermoned 
in my paper. 

Since Mr. Boyd speaks of the excellent results he has obtained with 75 
to 80 revolutions, let us take the case he gives, and which is his '^ basis.'' 
For convenience, I reproduce some of his figures : — 

Length ... ... ... ••. 310 feet. 

Beam ... ... ... ... 40 feet. 

Draught of water 22 feet. 

Dead- weight 4,200 tons. 

Speed 9^ knots on loaded trial. 

X.Q.X . •*• ... ... ... AaOvVf. 

Revolutions 75. 

And if I take the displacement of the ship at 5,920 tons, which cannot 
be far from the mark, this gives a block coefficient of '76 and the Ad- 
miralty coefficient — 

V»Di 

LHT. ^ ^^^' 

Now surely he does not consider 216 an excellent result for 9^ knots on 
loaded trial. I would consider it a very bad result indeed, and would at 
once try to find the cause, which, after all, might be the high speed of 
revolution. 

Personally, I would undertake to drive this ship at 9| knots easily with 
300 I.H.P. less, if I were allowed to reduce the revolutions and to design 
the propeller, and I am convinced tliat there are many engineers who 
would do the same. 

Now, if by increasing the revolutions frr^m say 65 to 75, there is a Imm 
of 800 I.H.P., erjoal Up \'H tons of coal with a mr^t ery/nomical engine, 
what does Mr. Boyd ecftiinate the \<m will \fb for a further increase of 20 
or 25 per cent ? I can onJy point out that at this rate it will rwt pay the 
shipowner to save weigjjt by increasing the speed fff rerohiti//n r/f ib« 

Mr. Boyd seems to tfatnk ttal mj condosf/>m regarding yrf/ptitkr 
efficicnqr are baaed o|/,fj VMrm\ff*n iaymtn^tm. This is not so. iHj 
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conclnsioiis nre bnaed npon a pretty extensive experience irith cargo hoBta, 
and iklthoiifr)) I used Barnaby's diagram as corroborative evidence, m; 
conclufiions niuHl have been the same had the oiperimcnt« referred to 
never been curried out. 

I wonld like to havL- siiid aometbing regarding the valua of the weight 
gained, bnt this letter is already too long. One elTect of Mr. Boyd's 
hasTOen to confirm my opinion that economy does not lie in the dii 
of increased speed of revolntion of propeller in cargo boats. 
Tours faithfully, 

E. HalIt-Bbows, 



weight 
ows,^H 



Mr. B. G. NiCHOL, in opening the diBcnssion, said he thought 
public would now be fully aware that the shipbuilders of this Institution 
had done their very utnioat to show their desire to build structui-es which 
would carry either cargo or passengera from port to port in the shorteGt 
possible time, and had shown a great amount of ingcnnity in the designs 
for the strungth and stability of those atructnrea. It was also certain 
that their engineers had shown that they were doing their very best to 
render their department as economical as possible in propelling those 
glmctures from port to port. There were many shipowners in the 
Institution, and he thought the time had now arrived for tliem to speak 
out, and explain what they considered the best type of ship to suit their 
interesta, and they might depend npon it that both shiplroildera azid 
engineers would be quick to meet their requirements. He thought no 
institution possessed more of the element* necessary to prodnce the most 
perfect ships than their own. With regard to the weights of engines, he 
left that to those who had had more recent experience than he had. 
With regard to the cargo caiTyiiig and insurance, he should leave that to 
the shipowners. But there was one point he should like very much to 
speak about, and that was probably the main reason why he had risen to 
his feet. Mr. Boyd, in his iiapcr, treated the propeller, as Mr. Blechjnden 
said, as a secondary matter, and he quite agreed with Mr. Boyd in doing 
80. He (.Mr. Kichoi) had estimated the proportions of tlie propeller 
which would drive that vessel at a^ knots speed with 75 revohitions a 
minute ; he had also computed the proportions of the propeller which 
would absorb the whole power developed by the engines at 96 revolutions 
per minute, and drive the ship at exactly the same speed. The modified 
propeller was well within the limits of ordiTiary practice, aud the efficiency 
exactly the same as that for 75 revolutions. He thought it unnecessary 
to give the figures worked out, as doubtless the members present bftd 
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ample data to enable tUem to make the comparison for themBelves. Mr. 
Froude, probably thL- highest authority upon propelling instruuieuts 
they had in England, bad, ob reference to the pages of the Engineer of 
May 9th would ahow, stated that the pitch nttio of the propeller might 
vary from '8 to 25 and the same efficiency be maintained. He (Mr. 
Nicbol) therefore fally agreed with Mr. Boyd in bis efforts to diqainiah 
the nei<;ht of the propelling machinery in shipa; and, subject to the 
limitation that he bad expressed with regard to the bearing surfaces and 
to speeds of steam through the pipes and ports, he felt folly assured chat 
ten years henee the speeds of revolutions of engines in their mercantile 
marine would as much exceed the work of to-day as the speeds of to-day 
exceeded those of teu years ago. 

Mr. B. L. Weiohtom said he had not intended to enter into this 
discngsion, but seeing that the President had called upon bim, and that 
since be came into the room the contribution of Mr. Hall-Browu had 
t)een put into his hands, he had lieen drawn into it. Although 
he quite agreed with the general deductions Mr. Boyd had drawn, 
it just struck him there was still another way of comparing the dif- 
ferent engines which were put down in the table at the end— a nay 
which be thought brought out the results which follow a reduction in 
weight of engines, uncomplicated with other considerationa. Mr. Boyd, 
in each case, it would be observed, u.impared engines which differed in 
price, that wos to say, the standard normal engine bod a certain price; 
the lighter engine was £1,500 higher, running at the same speed, then 
be took a smaller engine which run faster but was £1,400 cheaper. 
Now, suppose that instead of having this smaller engine normal — that 
was to say, of the nsual design — they transferred it into the light 
design, it would cost just about the same as the larger normal eugine 
of heavy design. Tlieu suppose tbey went a step further and ran this 
lighter engine at the speed Mr. Boyd run it at when normal, viz,, 95 
revolutions. They would be justified in doing this ; more justified than 
Mr. Boyd woe in the case of the heavy engine, for the moring parts 
were lighter, and therefore tliere would be less inertia, and less tear 
and wear, und less inconvenience Irom the higher speed. He would 
rather like to claim that the lightening of the engine, although carrying 
with it increased cost for given sizes of engines, also brought a certain 
advantage, inasmuch as tbey could run it faster without entailiug those 
disadvantages entailed by runnir^ an ordinary engine faster. Id con- 
nection with that, iilthough Mr. Boyd bud very rightly, and two or 
three times in his paper, mentioned that while ho increased the speed 
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of revolubioti, the wearing surfaces must be increased, imd tbe &ctor of 
safety must be kept consiaiit ; still, if this smaller normal engine runs 
faater, and the large one mos more than 75 revolutions, it nill eutail 
certain penalties. Those penalties are either increused tear and near 
or increasing attention in upkeep, so that they must first of all expend 
more money in making larger bearing surfaces, etc., and better fitting 
engines altogether. Those penalties would be reduced if they adopted 
the light type of engine instead of the heavy, inasrauch as they took 
advantage of certain features the lighter engines have which enable 
to be run faster with given wear and tear. The comparison would 
thns: Suppose they ran this engine (No, 2 in the table) at what Mr. 
Boyd ran it at, 95 revolutions, the weight inBt«ad of being 218 tons 
would be about 204 toua (he took Mr. Boyd's own figures as con-ect). 
So that they had here not only an increased speed of piston but 
diminished weight to the extent of 2&6 — 20i = 52 tons. This at £S 
per ton gives a saving of 52 x 6 = £312 per annum tor onj 
of the same first cost, and what he (Mr. Weighton) would cmpbi 
was that this gain (£312) was got not by increasing piston 
unjustifiably or without a reason, but by having lighter moving pai 
which justified them in rnnniiig faster. Of course, as Mr. Boyd said, 
tilts paper was open to much I'riendly criticism, and it was in that spirit 
he put forward this comparison. With regard to the propeller question 
raised in Mr. Hall-Browu'a co mm nui cation, although there might pro- 
bably be some I'eduction of efficiency in springing from 75 to 96 
revolutions, still he would like to enter his protest against the very light 
and airy way in which Mr. Hall-Brown announces that he can drive this 
ship for iS per cent, less power than it is driven here at 75 revolutions. 
He (Mr. Weighton) did not see how this was justified at all, and as Mr. 
Bojd'a type ship seemed to him, when he flret i-ead the paper, in the 
light of certain particulars Mr, Boyd gave him, to have n fair efficiency, 
he was mnch surprised to find it with such a low coefficient as waa 
given here, viz., 216. 

Mr. R. Thompson — The displacement given by Mr. Hall-Brown 
about 60U tons too light. It seemed as if Hartlepool always erred on 
side of lightness. In this case the weight of the engine had been 
out altogether. He bad a similar ship of rather larger dimensions, carryi^- 
ing the same dead-weight — 1,400 tons, and her gross displacement 
COO tons more than that given by Mr. Hnll-Bi-own, 

Mr. Weighton ibought there must be some mistake, but what 
wanted to emphasise was this, that in the paper on "High Speed En| 
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for Cargo Boats," Mr. Hall-Brown certainly claimed Mr. Barnaby'a 
dednctions as supporting his concinsioiiB, and he left the impresaiou that 
he took Mr. Barnaby's methods as well aa his conclusions as correct, imd 
argued from them that by his diagrams he conld tell the efficiency due to 
revolultona. Now, he said iiere that he did not biise his calculations on 
Mr. Barnaby's methods at nil. Mr. Barnabj assumes all through his 
treatise, and Mr. Hall-Brown infereutially, the following ^— 
K « S 



D ce VI.H.P. 

These were some of the principles in accordance with which Mr. Bamaby 
jumps from propellers 9 inches diameter up to propellers of 20 feet 
diameter, or np to any size, and in accordance with which he descends 
from 600 revolutions to 60 revolutions. Now, he demurred to the 
assumption tacitly underlying all dednctions based upon such principles 
until at least it was proved satisfactorily that the above relations held 
good for all speeds and all sizes and types. 

Mr. R. Thompson was very glad, indeed, thiit Mr. Boyd had taken 
up the subject of the weight of engines. It was one intimately connected 
with their trade, and while they had had a discussion as to types of 
vessels, it was a very appropriate following, the weights of engines. On 
the subject of cost, these last five or six years much had been done both 
by shipbuildere and engineers to farther the interests of the ahipownore 
of this country by the various discussions that had taken place in this 
Institution, and he thought this paper one bearing upon those points 
npon which, probably, they would have to make some change. There 
was no doubt in bis mind that they were rapidly coming to the time 
when the revolutions of engines and the weight of engines would be 
improved, and he thought improved by a higher rate in the number of 
revolutions and by a lighter engine. They would have to be careful not 
to get on to the light side, hut to see that the margin and factor of 
safety be enough to ensure a good working engine and give better 
economical results than at present. With regard to Mr. Weighton's 
remarks as to the small amount of displacement given by Mr. Hall- 
Brown, he knew that it would take 600 tons more displacement to 
give the tons dead-weight named. It was much too light a weight for 
a ship of that size. He hoped that the discussion would set them all 
thinking, and from the resulU of that meeting there would spring some 
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improvement in machinery. They had got the triple expansion enp'ne. 
but it might be in anothtsrdirecitou, such as the present paper suggested. 
Mr. G. E. Macahthy said that what lie wanted to bring to Mr. Boyd's 
notice was, in snbslAiice. contained in Mr. Blechynden'e oommuaicstion. 
but he wisheil to deal with tbe subject more eapecially from the ship- 
owner's point of view. In Mr. Thompson's paper, to which the writer of 
the present paper has alluded, he (Mr. Macarthy) was quoted as stating 
that the working expenses of the steamer, excluding the bunker ooals. 
but including 5 per cent, for depreciation, would amount to £15 per day. 
Mr. Thompson very correctly pointed out, however, that he (Mr. Macarthy ) 
had not taken tlie question of profit into account, Profit was a very 
indefinite and unstable element to deal with, sometimes it had to be 
taken as below zero, but be thought a fair estimate might be £5 per day ; 
that would make £20 saved. But lie was dealing with a smaller steamer 
than that taken as the type in this paper, and at least another £3 most 
be put on; therefore, instead of the £15 per day, which was the basis 
of calculation in the paper, it should be £23 per day, and this altered 
the calculations very materially in favour of the lighter engines, or rather, 
tbe faster engines. The light engines, which were taken at the increased 
cost of £1,500, giving a saving of 16 tons, were very property put on 
one side, as it was quite evident a saving of £96 per annum was quite 
inadeqnate to the extra expenditure of £1,500; the insurance alone 
would be more. The smaller engines, described as normal, at an increased 
cost of £400, were worked out in the paper as showing an extra cost per 
annum of £1,040, against which there was a saving of 18 days. On 
_ his calculation of £2.^ a day, that gave £414 jier annum, bnt in the 
paper there was no calculation of the loss of freight which would occur 
through the extra coals neeeasarily carried, which was estimated at 880 
tons per annum iu obtaining this increased speed, and that would result 
in a loss of freight, which would very materially affect the result against 
the engines. Therefore he came, as a shipowner, to the small engines 
which stand in the tables: — " Natural draught, normal engines of 21 inch, 
.S4 inch, S5 inch, and 56 inch stroke," and so on, running at the same 
speed as the basis vessel, aud showing a saving in cost of £1,400. Well, 
that was an exceedingly pleasing thing for tbe shipowner, and if he, as a 
shipowner, could be assured that such engines could be run with safety, 
[ ho for one would like to see a vessel so fitted, Working out the figures 

IB of the two types of engines given iu the writer's tables, he (Mr. Macarthy) 

^P came to the same conclusions on the question of speed versus consumption 

^W that he had arrived at in considering Mr. Thompson's paper, viz.: — ^^_ 

k J 
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Normal etiRinei. with natural draught, 2H inch, 37 inch, 60 inch « 39 inch stroke. 

4,650 feet lioatiiig eurfaoi, 90 revolutions, 276 tana weight, lOj kuoU npae± £400 

extra c:at. Dr. 

Interest uid depreciation on £400 at 10 per oeut. per tiiiuum ... £40 

Cost of 880 tons ultra fuel, at 20a, per ton 880 

Loaa of cargo capocitv on SO toua extra weig:ht. at £6 120 

Loss of carffo capacitj by extra fnel, i tons per day, eijusl to 110 



18 days' time aavod, at £23 ... 
18 days' fuel saved, aay at S2 b 



£1,700 



Ik losn of bunker space through tbo increased 



Nonnal engines, ititli natural draught, SI inch, 34 inch, 56 inch » 36 inch atrokp, 
3,900 feet huating surface. 96 revolutions, 21S tons weight. Si knots speed. £1,400 



38 tons saved in cai^ capacitj, at £6 

Interest, depreciation, iiunranoe, etc., o[i £1,400, a 

Profit per annum ... 



Mr. Boyd, iu risiuR; tu reply to the disciisaion, eaid he should not 
detain them mnny miaiitcR. This was the last meeting uf the session. 
and as the closing farmal bueinees hud to be gone through he would be as 
brief as possible. Both Mr. Blechyuden and Mr. Ilsll-Browu bad criti- 
cised the expresaiou " piaton speed." Well, no doubt there was a asrtain 
truth and value in their criticism. The expression had a certain looseness 
about it if it was applied too widely ; but he would point out that at aay 
rate ia the lowest four exurnplea the stroke remains the same. 39 inciies, 
and therefore the exprrasion " piston speed " might be taken as fiiirly 
Bynooymoiia with the epeed of revolutions. At any rate, he did not leel 
that tlie strokes tinder discussion varied to such an extent as to make this 
expression inaccurate or irregular. He confessed it would have been 
better if in the body of the paper the words " piston speed " had been 
accompanied by the words, " increase of revolutions." That the increase 
in the number of revolutions was regarded as one of the factors with 
which they bad to deal was plainly shown in the tables at the end, in 
which the nnmber of revolutions were given as well as the [ilBlon speed, 
and were tabulated from 75 to U5 as the case might be. 

inothcr point alluded to in the remarks made by these gentlemen 
was the questiou of propeller cfGcieacy. Now. of course, this was a 
very important point, and probably the weakest point in the paper ; 
but he must say he did not omit it from any want of thought. 
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or reot^nitiuQ of the importaace it had upon the subject ; bnt he 
did not know whether other gentlemen had felt the same, bnt at any 
rate he felt iu attempting to wiite a paper of this kind, the cnormoos 
difBcaltv of concectrating the conBiderations which had to be weighed on 
one side and another into limits which conld be grasped hj ordinary 
engineers, such iks he himself prolessed to be, and it was with the riew of 
eliminating aa far as possible confiidsrationa that he thought did not 
primarily affect the weight of the engineB, that he U> a great extent 
omitted the coneiderHtion of the propeller etliciency. He might say that 
these calculations were based npon the results nhich his firm hnd obtained 
fhim five or six vessels they had engined of precisely the dimeiiaiuos giveo 
in the paper, they were all of the same size, and all tried under preciadj 
similar cimditions, and in one or two cases with the incroiiSMl or rt^uced 
number of roTolutiona given iu the paper, and they found that tlie 
degreesof efficiency of the propeller, or in other words the altti-ation in 
propeller efficiency between the rovohitions mentioned for it^ and lOj 
knots was such that he thought they might fairly be omitted from the 
present consideration. 

For example, his company had lately an opportunity of making a series 
of progressive runs with a vessel of slightly smaller dimensions than the 
normal vessel described in his ptiper, and the speeds obtained were Gj, 9^, 
10}, and 11 knots. The pro[)el]er was designed for 9} knots, and 
the propeller efficiency was therefore greatest at that speed, but as 
between !)J and 10} knots the increase in slip niig only 2*19 per 
cent. The slip increased considerably when a s[iecd of 11 knots wu 
reached, but he held to his opinion that the increase in the speed of 
revolutions advocated in the paper might be easily used without a 
greater loss of propeller efficiency than could be compensated for in 
modification iu propeller design. At the same time, it must not be 
understood that he did not fully admit the criticism of these gentlemen 
that propeller efficiency was a most important factor in the calculations 
of the sizes of the engines, lie need not say ho was extremely pleased 
to hear the remarks which fell from his friend Mr. Nichol, who 
was a much better scientist than he himself professed to be, and 
which, he thought, fairly confirmed the position he had taken up in the 
paper. 

One other point he wished to allnde to was the question of the 
indicated horse-power in respect to the increase of sjxied from a j to 10^ 
knots. He must confess that this was just an eiiimpio to him which he 
had not appreciated before, of h<iw necessary it was in compiling figures 
of this sorb to follow the accurate figures which presented themselves, 
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and Dot attempt to put them into " round figures." lie fouud tbe state 
of tlie cose was tbat 10| knots required 1,550 indicated liorae-power, but 
there was a sliglit inaccuracy in the indicated horse-power for 9^ knots, 
instead oi' 1,300 it should be 1,269; 31 indicated horse-power made all 
the diOerence, and if those tables were corrected with that alteration in 
power, it would be found that the power came out very nearly as the 
cube of the speed. But he hardly felt justified in speaking very strongly 
on that point. He had in his oflice a number of results obtained 
from a great number of vessels iu which the rule of the cube of the 
speed did not hold good universally, and he thought it could not be 
held that this proportion was applicable without variatiuns either in one 
dii'ection or another. The information in his posscsxion pointed that 
there were variations botb above and below it, and although the figures 
given in the paper might not be strictly accurate within a few decimal 
points, tbe main results may be fairly accepted. 

He would say a word or two in reply to Mr. Hall-Brown. That 
gentleman was scarcely accurate in the coe.fficient (^iven in his memor- 
andum. Taking the actual displacement of the ship, and the power 
and speed obtained on the trial trip, a coefiiciout of about 2-10 was the 
result. At tbe same time he begged also to dissent most emphatically 
from Che statement made by Mr. Hall-Brown that it was within Che power 
of "many engineers " to drive a vessel of tbe dimensions give d at a speed 
of 9'5 knots on l,t)00 indicated horse-power. He did not beUeve it was 
possible, and in this view he was confirmed by the remark of Mr. 
Weighton— at any rate he frankly admitted that such a result would be 
superior to anything hitherto acccompUshed by his own firm. 

With regard to the weight of the engines, Mr. Weighton's suggcetion 
ofi'ered no doubt a very tempting proposal. If Mr. Weighton saw tiie 
original tables made nut in bis office, he would see upon them the 
type of eugine he named ; but it was omitted from the paper, and 
the calculations given at the end. from the simple desire to keep 
the communication as simple and easily understandable as pos- 
sible. With regard to what Mr. Macarthy said about the value to the 
shipowner, he very soon found be was getting out of his depth here ; 
but he ihuught he had cleverly covered himself by saying that t!ie 
shipowners would be tbe best to appreciate the value of any saving this 
would bo, and he was quite sure the Institution was very much indebted 
to Mr. Macarthy for tbe way in which he had put ii. 

The President said their time was getting very short. He begged 
to move a hearty vote of thanks to Mr. Boyd for his very valuable paper. 

The motion was cordially accepted. 
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